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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 
many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
among heart attack victims,’ and nearly two thirds of people who developed 
myocardial infarction in the PROCAM Trial had a low (< 35 mg/dL) baseline 
level of HDL cholesterol. LOPID" (gemfibrozil) is not indicated for the treatment 


af patients with low HDL cholesterol as their only lipid abnormality. 
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HP Ultrasound Imaging Systems.The 
piece of cardiac machinery since the: 
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When it comes to ultrasound 
imaging, HP’s heart has always 
been in the right place. 


While several companies have 
stretched their resources to 
address other areas of diag- 
nostic ultrasound, we concen- 
trated on meeting the needs of 
the cardiologist. 


The result: today, we offer the 
most sophisticated cardiac 
imaging systems in the world. 


Since we first showed a 2-D im- 
age of the heart in 1980, we’ve 
offered over 18 advancements, 
such as Doppler, color flow 
imaging, single- and bi-plane 
transesophageal imaging, High 
Definition Color Flow, and the 
new SONOS 1500, with Acous- 
tic Quantification technology’, 
the first machine that can pro- 
vide accurate, real-time quan- 
tification of cardiac function. 


Because we let you upgrade 
your existing system, instead of 
requiring you to purchase a new 
one, your investment is protected 
That’s why virtually every HP 
phased array system ever sold 
is still in use today. 


No other company can claim 
such past achievements. And 
with twelve new system capabil 
ities scheduled within the next 
twelve months, no company can 
offer such a future. 


HP Ultrasound Imaging: the 
world’s foremost example of car 
diac technology. With one singula 
exception, of course. 


Kip HEWLETT 
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observe drug abuse. Because 
illegal drugs, even in small 
doses, almost always produce 
eye signs. So perform a 
simple, 1-minute rapid eye 
test to easily identify the 
influence of drugs. Then you 
can look the drug problem 
right in the eye. 


d 


Is your patient 
abusing drugs? 
The answer may 


be in her eyes. 


T m 


General 
observation 


Pupil size 
Pupil reaction 


Nystagmus 
Convergence 


Corneal reflex 


Redness of sclera; Ptosis; 
Retracted upper lid (walleye or 
bug-eye); white sclera visible 
above iris, causing blank stare 
or exophthalmic appearance; 
Glazing (film over cornea); 
Excessive tearing of one or 
both eyes; Swelling of eyelids 


Dilation; Constriction 


Slow, sluggish, or absent 
response 


Failure to hold gaze; Jerkiness 
of movements 


Inability to track or hold the 
cross-eyed position 


Decreased rate of blinking 


Tennant F. The rapid eye test to detect drug abuse. 
Postgrad Med. 1988;84:109 -114. 


Send for a copy of a journal 
reprint, whieh details the 
procedures and common eye 
signs of various drugs. 


Name 
Specialty 
Address 
City State__ Zip Code 


PARTNERSHIP FOR A DRUG-FREE AMERICA 
c/o PGM Reprint Manager 

4530 West 77th Street 

Minneapolis, MN 55435 

Fax 612-835-3460 
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CORONARY ARTERY DISEASE 


ae e SDE SEL eRe Pa 4 2) Re ee 
Enhanced Effectiveness of Combined Sustained-Release Forms 
of Isosorbide Dinitrate and Diltiazem for Stable Angina 
Pectoris 

Günter Lehmann, Günther Reiniger, Hans-Ullrich Haase, and 

Werner Rudolph 


Acute extent and duration of antiischemic and antianginal effects of 120 
mg of sustained-release isosorbide dinitrate and 120 mg of sustained- 
release diltiazem, and their combination, were compared with placebo 
over 24 hours in 14 patients with coronary artery disease in a randomized, 
double-blind, crossover protocol. With administration of another tablet of 
diltiazem 12 hours after the combination, an expected 24 hours’ therapeu- 
tic coverage was investigated. Ergometric exercise and blood sampling for 
plasma levels were performed at 2, 6, 12 and 24 hours. Ischemic parame- 
ters were more markedly influenced with isosorbide dinitrate than with 
diltiazem for up to 12 hours, and effects of combined administration were 
greater than those with either individual substance. However, neither 
regimen tested was superior to placebo at 24 hours. At that time, lack of 
efficacy was evident even with diltiazem given twice a day. 


i ME CS OS Na PEN aR SS ee Re ow ye ee TN 
Increased Plasma Level of Endothelin-1-Like immunoreactivity 
During Coronary Spasm in Patients with Coronary Spastic 
Angina 

Kozaburo Matsuyama, Hirofumi Yasue, Ken Okumura, Yoshihiko Saito, 
Kazuwa Nakao, Gotaro Shirakami, and Hiroo Imura 


Plasma levels of endothelin-1-like immunoreactivity and lactate in the 
coronary sinus and the aortic root were measured before and during spasm 
of the left coronary artery induced by acetylcholine in 26 patients with 
coronary spastic angina. In 13 patients who had myocardial lactate pro- 
duction during spasm, the plasma endothelin-1-like immunoreactivity 
level in the coronary sinus increased from 19.8 + 3.0 to 25.7 + 6.4 pg/ml 
(p <0.01), while that in the aortic root remained unchanged (from 20.2 + 
5.9 to 21.3 + 5.8 pg/ml). In 13 patients who did not have myocardial 
lactate production, no significant changes in plasma endothelin-1-like 
immunoreactivity levels in the coronary sinus (from 21.1 + 7.3 to 19.7 + 
5.2 pg/ml) and the aortic root (from 21.1 + 5.7 to 19.7 + 5.6 pg/ml) were 
observed. On the other hand, 16 patients without ischemic heart disease 
showed no significant changes in plasma endothelin-1-like immunoreac- 


Continued on page A18 


A12 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 


by 


RC OE DL MOS 





inated by Pacesetter. Today, the company is the recognized For training support and information on any aspect of 
world leader in dual-chamber technology. device therapy, the company has assembled an outstanding 
Acclaimed for their user simplicity combined with group of field clinical engineers, nurse specialists and tech- 
unparalleled diagnostic and programming flexibility, nical service representatives. Most of these individuals 
Pacesetters DDDR and DDD pacing systems compose have successfully completed the NASPE examination for 
more than 50 percent of the company’s pulse generator associated professionals** 
product sales. The highly 
Now, Pacesetter prepares to introduce another break- skilled group of 
through in telemetry and programming technology. sales consultants 
Expanded information who represent 
stored on the tiny micro- Pacesetter are 
chip of Synchrony® and undoubtedly the 
Synchrony* II DDDR and most experienced 
Solus® SSIR pulse genera- and knowledge- 
tors will soon be available able in the indus- 
to the clinician through try. Many have 
new analytical and statis- also completed 
tical software* This the NASPE exam. Their dedication to customer service 
information, unattainable with any other pacing system, includes 24-hour-a-day availability, 365 days a year. 


will markedly enhance the physician’ diagnostic and 


therapy options. COMMCEME Nita 


Technological innovation in design and manufacture 
is a hallmark of Pacesetter and its parent organization, E D U E A is | EJ N 
Siemens, one of the worlds largest electronics manufac- 
turers. Pacesetter is known for product and process designs 
that address the user's clinical needs, meet the exacting 
requirements of a sophisticated manufacturing operation 
and yield a consistently reliable product. 

Superior design is the direct result of Pacesetters 
determination to maintain the finest Research and Devel- 
opment function in the industry. Its highly skilled engi- 

2 neering staff holds a large number of significant patents— 
two Pacesetter officers together have 26 patents! 

This technological leadership clearly accounts for the 
company’s steady 20-22 percent annual growth rate over 
the last five years. 


Each year, Pacesetter sponsors numerous educational 
and technical training programs for over 4,000 medical 
professionals. Taught by leading physicians from the U.S. 
and abroad, these seminars consistently receive high marks 
for their relevance to the clinical management of patients 
with cardiac rhythm disorders. 

Through its Educational Grant Committee, Pacesetter 
supports numerous educational programs and meetings 
around the world. And, at its new facility, due to open in 
early 1992, the company is constructing a 5,200-square-foot 
theater and education center designed specifically for 
interactive medical seminars. 

For all-around excellence—for education, service, 
therapy information and advanced technology, for the 


$ T R E N G T H broadest range of products to meet every patient require- 
IN PE (3 PIE ment—turn to Pacesetter Systems, Inc. 


; The commitment to excellence is more than symbolic. 
Pacesetters continued success also results from the 


strength of its human resources. Company founder Alfred 
E. Mann remains actively involved as President and Chief 
Executive Officer. 

Medical consultation related to cardiac rhythm man- 


— 


_ Haggarty JJ. Health and medicine: advanced pacemaker, NASA Spinoff 1990. 
_ Weinberg A. Hybrid substrates for heart pacemakers, Hybrid Circuit 


wN 


agement is always available from Vice President and Technology June 1991; 26-30. a 
å E y : 3. Carbone J et al. Buying parts for pacemakers: a life and death matter, 
Medical Director, Paul A. Levine, M.D, a recognized Bre E AAG 
A e * Pending FDA approval 
4 expert in the field. ** “TESTAMUR NASPExAM" 
o o o 
® a . 
JD Pacesetter’ Systems, Inc. Siemens-Elema AB Siemens Electric Ltd. 
re 
sat Pacemaker Division Medical Systems Division 

12884 Bradley Avenue S-171 95 Solna 1180 Courtney Park Drive 
Sylmar, CA 91342 Sweden Mississauga, Ontario L5T 1P2 
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and the aortic root (from 23.0 + 7.1 to 23.4 + 5.8 pg /ml) by acetylcho- 
line. These results indicate the release of endothelin into the coronary 
circulation in response to coronary spasm. 


996 

Evidence of Endothelial Dysfunction in Coronary Resistance 
Vessels in Patients with Angina Pectoris and Normal Coronary 
Angiograms 

Wolfgang Motz, Martin Vogt, Oliver Rabenau, Sibylle Scheler, Andreas 
Lackhoff, and Bodo Eckehard Strauer 


This study examined whether a defect in endothelium-mediated vasodila- 
tion on the level of the coronary microcirculation was present in 23 pa- 
tients with microvascular angina. Accordingly, coronary blood flow in 
response to an endothelium-related (intracoronary acetylcholine infusion ) 
and endothelium-unrelated (dipyridamole intravenously ) vasodilator was 
measured. In 8 patients, acetylcholine did not significantly increase coro- 
nary blood flow (+30%), whereas coronary blood flow was greatly in- 
creased after dipyridamole by 184%, indicating a specific endothelium- 
related vasodilator defect. An impaired coronary vasodilator defect on the 
vascular site was found in 6 patients, indicated by an impaired flow 
response after both acetylcholine and dipyridamole (+ 47% and + 86%, 
respectively ). In 6 patients, a regular flow increase after dipyridamole and 
acetylcholine was found (+ 196% and + 135%, respectively). The study 
identified a subgroup of patients with microvascular angina and an im- 
paired endothelium-mediated coronary vasodilation. 


1004 

Usefulness of Oral Nisoldipine for Stable Angina Pectoris 
William H. Frishman and Mark Heiman, for the Nisoldipine Multicenter 
Angina Study Group 


The duration and extent of antianginal effects of nisoldipine, a dihydro- 
pyridine calcium antagonist, were assessed in 178 patients with chronic 
stable angina. With use of a randomized, parallel treatment study design, 
oral nisoldipine in doses of 10 and 20 mg once daily and 10 mg twice daily 
were compared with placebo for antianginal efficacy. With use of exercise 
treadmill parameters of total exercise time, time to onset of 1 mm ST 
depression and time to onset of angina, as well as nitroglycerin consump- 
tion and frequency of anginal attacks, varying degrees of antianginal 
efficacy were demonstrated at the peak of the dosing interval, but not at 
trough, for all 3 regimens tested. Nisoldipine was generally well-tolerated, 
although significantly more drug-related side effects were observed in the 
20 mg once-daily regimen. Although nisoldipine appears to be an effec- 
tive, well-tolerated antianginal drug, its duration of antianginal action is 
relatively short. Testing with shorter dosing intervals, larger daily doses or 
long-acting formulations is suggested. 


Continued on page A24 
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1011 

Alcohol Intake and Nonfatal Acute Myocardial Infarction in 
Japan 

Suminori Kono, Koichi Handa, Tomoki Kawano, Tadayuki Hiroki, Yasushi 
Ishihara, and Kikuo Arakawa 


The relation between alcohol and nonfatal acute myocardial infarction 
(AMI) was examined in a case-control study of 89 male patients and 271 
control subjects in Fukuoka, Japan. Patients aged 40 to 69 years were 
admitted for the first AMI at 2 hospitals in Fukuoka City, and control 
subjects were recruited based on the telephone directory of the city. Infor- 
mation on alcohol drinking and potential coronary risk factors was ob- 
tained by using a self-administered questionnaire. After adjustment for 
age, occupation, cigarette smoking, strenuous exercise, body mass index, 
hypertension, diabetes mellitus and parental heart disease, the risk of 
AMI was progressively less with increasing levels of alcohol consumption. 
The findings add to the body of data showing that alcohol drinkers are less 
likely to have AMI. 


1015 
Thrombolytic Therapy in Patients Requiring Cardiopulmonary 
Resuscitation 

Alan N. Tenaglia, Robert M. Califf, Richard J. Candela, Dean J. Kereiakes, 
Eric Berrios, Sharon Y. Young, Richard S. Stack, and Eric J. Topol 





To assess the risk of giving thrombolytic therapy to patients requiring 
cardiopulmonary resuscitation (CPR ) during acute myocardial infarction 
the results of the first 3 Thrombolysis and Angioplasty in Myocardial 
Infarction Trials were analyzed. Fifty-nine of 708 patients received CPR 
in the trials, most often for ventricular fibrillation or sustained ventricular 
tachycardia, with median duration of CPR of | minute. The CPR group 
had a higher incidence of anterior infarction, lower ejection fraction on 
baseline catheterization, and a higher in-hospital mortality (12 vs 6%). At 
follow-up catheterization before discharge the CPR group had a 5 + 9% 
increase in ejection fraction compared with no change in the non-CPR 
group. There were no bleeding complications directly attributed to CPR. 
In conclusion, no adverse effect of giving thrombolytic therapy to patients 
requiring brief CPR was found (95% confidence interval 0 to 5%). The 
increase in ejection fraction at follow-up suggests that a particularly 
beneficial effect of such treatment may be present in this high-risk sub- 


group. 


1020 
Risk of Thrombosis During Coronary Angioplasty with Low 
Osmolality Contrast Media 

Enrique Esplugas, Angel Cequier, Francisco Jara, Josepa Mauri, Teresa 
Soler, Juan Sala, and Xavier Sabate 





In a double-blind, randomized study, the incidence of thrombi related to 

the use of a nonionic low osmolar contrast media was evaluated in 100 

patients during coronary angioplasty. Fifty patients were assigned to re- 

ceive ioxaglate (ionic) and 50 patients to receive iohexol (nonionic). Angi- 

ographic evidence of thrombus was observed in | patient (2%) assigned to 

ioxaglate and in 11 patients (22%) with iohexol (p <0.005). One patient 
Continued on page A27 
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(2%) from the ioxaglate group and 6 patients (12%) from the iohexol 
group showed thrombotic residues on the guidewire (p = not significant ). 
Three patients developed acute myocardial infarction: 1 patient (2%) with 
ioxaglate and 2 patients (4%) with iohexol (p = not significant). Thus, 
compared with an ionic low osmolar contrast media (ioxaglate), the non- 
ionic low osmolar contrast agent iohexol increases the incidence of throm- 
bus during coronary angioplasty. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1025 
An Antiarrhythmic Drug Experience in 941 Patients 
Resuscitated from an Initial Cardiac Arrest Between 1970 and 
1985 

Alfred P. Hallstrom, Leonard A. Cobb, Ben Hui Yu, W. Douglas Weaver, 
and Carol E. Fahrenbruch 





Survival rates and antiarrhythmic drug use were determined in 941 con- 
secutive patients resuscitated from prehospital ventricular fibrillation. Of 
these patients, 18.7% were treated for at least a portion of the period with 
quinidine, 17.5% with procainamide, and 39.4% received no antiarrhyth- 
mic agent. Beta blockers were prescribed for 28.3% of the patients. After 
adjustment for baseline risk factors, the use of antiarrhythmics was weak- 
ly (p <0.09) associated with worsened survival; 2-year survival for pro- 
cainamide-treated patients was 30% and for quinidine-treated patients 
55% (p = 0.003). Beta-blocker therapy was associated with improved (p 
<0.001) survival. Thus, although neither procainamide nor quinidine 
appear to have had a benefit on mortality, the adverse effect of procain- 
amide appears to be significantly worse than that of quinidine. The use of 
antiarrhythmic drug therapy in patients resuscitated from prehospital 
ventricular fibrillation should be regarded as not only unproved, but po- 
tentially hazardous, and should probably be restricted to testing in ran- 
domized clinical trials. 


1032 

Neurally Mediated Syncope Detected by Carotid Sinus 
Massage and Head-Up Tilt Test in Sick Sinus Syndrome 
Michele Brignole, Carlo Menozzi, Lorella Gianfranchi, Daniele Oddone, 
Gino Lolli, and Antonio Bertulla 


To study the role of the autonomic nervous system in causing syncope in 
sick sinus syndrome (SSS), carotid sinus massage (CSM ) and head-up tilt 
(HUT) were performed in 35 patients affected by SSS and in 2 matched 
groups of patients affected by syncope of uncertain origin and in subjects 
without syncope. In patients with SSS, CSM and HUT reproduced synco- 
pe in 60 and in 54% of patients, respectively; at least 1 test was positive in 
80% of patients. The percentages of positive tests in patients with “uncer- 
tain syncope” were similar or slightly lower (CSM 63%, HUT 26%, 
overall 74%). In control subjects, syncope was rarely observed (CSM 3%, 
HUT 6%, overall 9%). In conclusion, an autonomic nervous system disor- 
der appears to play a major role in causing syncope in patients with SSS. 
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1037 
Usefulness of the AHA Interval to Accurately Distinguish 
Atrioventricular Nodal Reentry from Orthodromic Septal 
Bypass Tract Tachycardias 

John M. Miller, Mark E. Rosenthal, Charles D. Gottlieb, Joseph A. 
Vassallo, and Mark E. Josephson, with the technical assistance of 
T. Franz Orishimo 





Atrioventricular (AV) nodal reentrant supraventricular tachycardia 
(SVT) may be difficult to distinguish from some cases of orthodromic 
SVT using a septal bypass tract because of similarities in P-wave morphol- 
ogy and timing. A new criterion for distinguishing these two SVTs was 
devised and tested, the AHA interval (the [His-atrial interval during 
pacing minus His-atrial interval during SVT]). In 84 patients undergoing 
electrophysiologic studies (60 AV nodal reentry, 24 septal bypass tract), 
the AHA criterion could be applied in 74 (88%), and completely distin- 
guished AV nodal reentry cases (AHA >0 ms) from septal bypass tract 
cases (AHA <—20 ms). 


EES LD aa ORS PAE CR NOUS S E: 
Distribution Patterns of Ventricular Premature Complexes in 
Long-Term Electrocardiographic Recordings and Their 
Usefulness in Disclosing Modulated Parasystole 

Göran Nilsson, Hans Ahlfeldt, Tom Ahrén, and Tommy Jonasson 


Routine long-term electrocardiographic recordings were analyzed for 
manifest and concealed bigeminy/trigeminy. Such distribution patterns 
were found to be common. For example, it was found that, on average, 
19% of ventricular premature complexes were followed by a sequence of 
= 10 interectopic intervals with the number of sinus beats consistent with 
concealed bigeminy. 


CARDIOMYOPATHY 


1049 
Left Atrial Afterload Mismatch in Hypertrophic 
Cardiomyopathy 

Hiroto Sanada, Masami Shimizu, Kuniyoshi Shimizu, Yoshihito Kita, 
Norihiko Sugihara, and Ryoyu Takeda 





To investigate left atrial (LA) booster pump function, LA and left ventric- 
ular pressure-volume loops were estimated in control subjects, and in 
patients with hypertension or hypertrophic cardiomyopathy (HC). LA 
preload and afterload were both found to be elevated in patients with 
hypertension and HC. In the former, increased LA preload provided an 
increased LA stroke index, which was considered to be a compensatory 
mechanism maintaining left ventricular filling. In the latter, however, the 
increase in LA ejection was insufficient compared with the patients with 
hypertension. LA function curve showed a shift to the lower right, and LA 
stroke index was inversely correlated with LA afterload in the patients 
with HC. This study suggests that left atrial booster pump failure due to 
left atrial afterload mismatch exists in HC. 


Continued on page A35 
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CONGENITAL HEART DISEASE 


1055 

Determinants of Outcome in Hospitalized Infants with 
Congenital Heart Disease 

Gail D. Pearson, Catherine A. Neill, Timothy M. Beittel, and Langford Kidd 


Complex congenital heart disease remains a source of substantial mortali- 
ty among hospitalized infants with cardiac diagnoses. Our retrospective 
study of 108 infants with congenital heart disease hospitalized in the first 
year of life showed that 71% (77 of 108) survived to age 1, but that if 
complex disease and extracardiac anomalies were present, 1-year survival 
dropped to 42% (5 of 12). In contrast, infants with noncomplex cardiac 
disease and no extracardiac anomalies had a 94% 1-year survival (44 of 
47). Univariate analysis showed that, in addition to complex disease, 
extracardiac anomalies, early initial presentation, and prolonged stay in 
the intensive care unit were significantly associated with infant death, 
whereas surgery was associated with a significantly increased rate of 
survival. The findings for complex disease and surgery persisted in multi- 
ple logistic regression analysis. Future research and preventive efforts 
should focus on complex congenital cardiac defects. 


MISCELLANEOUS 


TOGO a a a oe ih ge E, 
improvement in Exercise Capacity After Correction of Anemia 
in Patients with End-Stage Renal Failure 

Marco Metra, Giuseppe Cannella, Giovanni La Canna, Tiziana Guaini, 
Massimo Sandrini, Mario Gaggiotti, Ezio Movilli, and Livio dei Cas 


We evaluated the changes in exercise tolerance occurring after correction 
of anemia with recombinant human erythropoietin in a group of patients 
with end-stage renal failure. The study group included 10 patients receiv- 
ing chronic hemodialysis treatment who underwent maximal bicycle car- 
diopulmonary exercise testing, and M-mode, 2 dimensional and pulsed 
Doppler echocardiography before and after | and 3 months of recombi- 
nant human erythropoietin administration. Hemoglobin plasma levels 
increased after | and 3 months. Resting blood pressure and heart rate 
remained unchanged while peak exercise systolic blood pressure was sig- 
nificantly reduced after 3 months. Oxygen consumption significantly im- 
proved both at peak exercise and after 1 and 3 months, and at the ventila- 
tory threshold. However, no significant relation was found between either 
the absolute values and the percent changes of hemoglobin levels and 
oxygen consumption. 
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1067 

Combined Ambulatory Electroencephalographic and 
Electrocardiographic Recordings for Evaluation of Syncope 
Lou-Anne M. Beauregard, Rosemary Fabiszewski, Caprice H. Black, 
Barbara Lightfoot, Paul L. Schraeder, Travis Toly, and 

Harvey L. Waxman 


In this study, 45 patients with syncope underwent simultaneous ambulato- 
ry electroencephalographic (EEG) and electrocardiographic (ECG) re- 
cordings. Rhythm abnormalities were found in 26 patients, and EEG 
abnormalities in 11. Two patients had unanticipated findings: 1 had a 
seizure disorder, and the other had sinus pauses not detected previously. 
Thus, combined ambulatory EEG /ECG monitoring may prove useful in 
the evaluation of some patients with syncope. 


1073 

Determination of Left Atrial Area and Volume by Cross- 
Sectional Echocardiography in Healthy Infants and Children 
Roland Hofstetter, Peter Bartz-Bazzanella, Heiner Kentrup, and 

Götz von Bernuth 


In the first part of the study end-systolic and end-diastolic left atrial (LA) 
areas and volumes were measured in 30 children with sector echocardiog- 
raphy, and these values were compared with those obtained with biplane 
angiocardiography. A strong correlation exists between LA area in the 
frontal plane as determined by apical and subcostal echocardiography on 
the one hand and by angiocardiography on the other. LA volume as 
determined by subcostal sector echocardiography in the frontal and sagit- 
tal plane also correlated well with the atrial volume calculated with bi- 
plane angiocardiography. In the second part of the study, LA areas and 
volumes were determined echocardiographically in 74 healthy newborns 
and infants and related them to body weight and body surface area, thus 
obtaining normal values for this age group. 


ig: MERA RS mr ot Mey Me aed RMN te Bir feat TFs MWe alt nde ae BAO gh cS 
Laser-Assisted Versus Mechanical Recanalization of Femoral 
Arterial Occlusions 

Jonathan M. Tobis, Robert Conroy, Larry-Stuart Deutsch, lan Gordon, 
Junko Honye, Jeff Andrews, Glen Profeta, Sherrie Chatzkel, and 

Michael Berns 


A randomized clinical trial was performed to test the hypothesis that a 
laser-heated probe is superior to standard techniques to reopen occluded 
femoral arteries. Twenty patients were treated with a standard guidewire 
method. In 20 patients, the laser probe was initially used as a nonheated 
mechanical device. If the probe was unsuccessful in mechanically reopen- 
ing the artery, a laser was activated to heat the probe. The mean length of 
occlusion was 15.9 + 10.3 cm. The success rate for the laser probe was 15 
of 20 (75%), which was not significantly different than the standard 
method, 19 of 20 (95%). The laser probe was successful as a cold, mechan- 
ical device in 13 of 15 (87%) arteries. The heated probe was used in 5 
patients. It assisted recanalization in 2 but perforated the artery in 3 
patients. The results of this randomized trial do not support the hypotheses 
behind the use of the thermal laser probe. The laser probe functions 
Continued on page A38 
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to escape mechanisms. Idiosyncrasy or hypersensitivity to quinidine or related cinchona derivatives. Myasthenia gravis 
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Reports in the literature indicate thal serum concentrations of digoxin may increase and may even double when quinidine is administered concurrently. Patients on concomitant 
therapy should be carefully monitored for digitalis toxicity. Reduction of digoxin may have lo be considered 

Manifestations of quinidine cardiotoxicity such as excessive prolongation of the OT interval. widening of the QRS complex and ventricular tachyarrhythmias mandale immediate 
discontinuation of the drug and/or close clinical and electrocardiographic monitoring. 

in Susceptible individuals, such as those with marginally compensated cardiovascular disease, quinidine may produce clinically important depression of cardiac function manilested 
by , bradycardia, or heartblock. Quinidine therapy should be carefully monitored in such individuals 

Quinidine should be used with extreme caution in patients with incomplete AV block since complete AV block and asystole may be produced. Quinidine may cause abnormalities of 
cardiac rhythm in digitalized patients and therefore should be used with caution in the presence of digitalis intoxication 

Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic insufficiency because of potential accumulation of quinidine in serum, leading to toxicity. 

Patients taking quinidine occasionally have syncopal episodes which usually result from ventricular tachycardia or fibrillation. This syndrome has not been shown to be related to 
dose ar serum levels ree ey ncn nl ern rman 2 Hd in response to treatment, bul sometimes are tatal 

Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine hypersensitivity have been reported. Unexplained fever and/or elevation ol hepatic enzymes, particularly 
in the early stages of therapy, warrant consideration of possible hepatotoxicity. Monitoring liver function during the first 4-8 weeks should be considered. Cessation of quinidine in 
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Precautions: Genera/— All the precautions applying to regular quinidine therapy apply lo this product. Hypersensitivity or anaphylactoid reactions to quinidine, although rare, 
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Drug Interactions 
Effect 
Quinidine with anticholinergic drugs Additive ic effect 
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thiazide diuretics 
Quinidine with coumarin anticoagulants Reduction of clotting factor concentrations 
Quinidine with tubocurare, succinylcholine and decamethonium Potentiation of neuromuscular blockade 
Quinidine with phenothiazines and reserpine Additive cardiac depressive effects 
Quinidine with hepatic enzyme-inducing drugs (phenobarbital). Decreased plasma half-life of quinidine 
phenytoin, rifampin) 
Quinidine with digoxin Increased serum concentration of digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine halt-lite and an increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions and/or bigeminy 
Quinicine with verapamil Increased quinidine halt-lite and an increase in serum quinidine level: potential hypotensive reactions 
Quinicine with nifedipine Decreased serum concentrations of quinidine 
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ie papay in the clinical setting has not been established 
ing Mothers —Because ol passage of the drug into breas! milk, caution should be exercised when Quinidex Extentabs are administered to a nursing woman 

Pediatric Use— There are no adequate and well-controlled studies establishing the salety and eflectiveness of Quinidex Extentabs in children. 
Adverse Reactions: Symptoms ol cinchonism, such as ringing in the ears, loss of hearing. dizziness, lightheadedness, headache. nausea, and/or disturbed vision may appear in 
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Gastrointestinal— Nausea, vomiting, abdominal pain, diarrhea, anorexia, granulomatous hepatitis (which may be preceded by fever), esophagilis. 

Cardiovascular—Ventricular extrasystoles occurring al a rate of one or more every 6 normal beats; widening of the ORS complex and prolonged QT interval; complete A-V block; 
ventricular tachycardia and fibrillation; ventricular flutter, torsade de pointes; arterial embolism; hypotension; syncope. 
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Ophthaimologic and — Disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis, blurred vision, disturbed color perception, photophobia, 
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nicer es apne acute asthmatic episode, vascular collapse, respiratory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings re, vasculitis. 

an — Thrombocytopenia, thrombocytopenic purpura, agranulocytosis, acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC differential, 
repenia. 


ee eee lupus erythematosus, lupus nephritis. . 
Miscellaneous—tever, increase in serum skeletal muscle creatine phosphokinase, arthralgia, myalgia 


Rev. October 1987 


Twice-a-day dosing* to make 
life easier for your arrhythmia 
patients. That's the Quinidex® 
advantage. Because, like the heart, 
Quinidex Extentabs® have been 
uniquely constructed for 
dependable around-the-clock 
performance. 


*Some patients may require t.i.d. dosing. 


QUINIDEX 
EXTENTABS 


(Quinidine Sulfate Extended: 
release Tablets, USP) 300 mg 


A-H-[ROBI NS 


Pharmaceutical Division, Richmond, Virginia 23261-6609 
© A.H. Robins Company 1987 





Se a AAA ie T 
CONTENTS /ABSTRACTS 


primarily as a mechanical device. The thermal activation does not signifi- 
cantly improve the success rate without increasing the risk of perforation. 
This small benefit does not justify the large cost of current laser devices. 


BRIEF REPORTS 


1087 
National Cholesterol Education Program’s Recommendations, 
and Implications of ‘‘Missing’’ High-Density Lipoprotein 
Cholesterol in Cardiac Rehabilitation Programs 

Carl J. Lavie and Richard V. Milani 





vO a Ee epee FEES ORE STs St Ue eR sai We Te Pe aes 
Usefulness of Magnetic Resonance Imaging for Diagnosis of 
Acute Myocarditis in Infants and Children, and Comparison 
with Endomyocardial Biopsy 

M. Giulia Gagliardi, Maurizio Bevilacqua, Paolo Di Renzi, Sergio Picardo, 
Roberto Passariello, and Carlo Marcelletti 


1091 
Incidence of QT Interval Prolongation During Pentamidine 
Therapy of Pneumocystis Carinii Pneumonia 

Kenneth M. Stein, Claudine Fenton, Anne Marie Lehany, Peter M. Okin, 
and Paul Kligfield 





1094 

Noncapturing Stimuli During the Basic Drive Shorten 
Ventricular Refractoriness 

Jonathan J. Langberg, Hugh Calkins, Jodo Sousa, Rafel El-Atassi, and 
Fred Morady 


1097 
Role of Dipyridamole Thallium-201 Imaging in Left Bundle 
Branch Block 

George Larcos, Manuel L. Brown, and Raymond J. Gibbons 





LODO GLa Pts Mid oaa Re S AA ee hha Seat 
Unexpected Ventricular Tachyarrhythmias Soon After Cardiac 
Surgery 

Peter M. Sapin, Alan K. Woelfel, and James R. Foster 


1101 
Effects of Beta Blockade on the Relation Between Heart Rate 
and Ventricular Diastolic Perfusion Time During Exercise in 
Systemic Hypertension 

Giuseppe Ferro, Carlo Duilio, Letizia Spinelli, Marco Spadafora, Franco 
Guarnaccia, and Mario Condorelli 





Continued on page A42 


A38 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 





This Publication 


is available in Microform. 





Please send additional information for American Journal of Cardiology 
(name of publication) 


Name 





Institutio 





Stree 
City 
Stie TE thud ete a AD 


300 North Zeeb Road, Dept. P.R., Ann Arbor, Mi. 48106 








University 
Microfilms 
International 





A41 


eae eR ES OE aai atale EE NAS a S a E ee Nae) eee 22 Et Ae eee 
CONTENTS’“ABSTRACTS 


1103 

Usefulness of Hydralazine to Withdraw from Dobutamine in 
Severe Congestive Heart Failure 

Philip F. Binkley, Randall C. Starling, Donald F. Hammer, and 

Carl V. Leier 


1106 

Assessment of the Mitral Valve Splitability Score by 
Transthoracic and Transesophageal Echocardiography 
Thomas H. Marwick, Julius Torelli, Timothy Obarski, Paul N. Casale, and 
William J. Stewart 


1107 
Clinical and Anatomic Observations in Patients Having Mitral 
Valve Replacement for Pure Mitral Regurgitation and 
Simultaneous Tricuspid Valve Replacement 

William C. Roberts and Erik A. Eways 





eS oy Se oo PS Oe FAAO OR, OM Ae ca oe ae 
Effectiveness of Percutaneous Balloon Valvuloplasty in Adults 
with Pulmonic Valve Stenosis 

Howard C. Herrmann, James A. Hill, Jane Krol, J. Patrick Kleaveland, 
and Carl J. Pepine, for the M-Heart Registry 


1114 

Plasma Endothelin-1 Levels in Idiopathic Dilated 
Cardiomyopathy 

Michiaki Hiroe, Yukio Hirata, Naoya Fujita, Shigeo Umezawa, Hiroshi Ito, 
Motoyoshi Tsujino, Akira Koike, Akihiko Nogami, Toshihiko Takamoto, 
and Fumiaki Marumo 


1116 
Frequency of Respiratory Compromise After Ketamine 
Sedation for Cardiac Catheterization in Patients <21 Years of 
Age . 

Craig A. Greene, Paul C. Gillette, and Derek A. Fyfe 





1117 
Comparison of Cardiovascular and Renal Toxicity After 
Cardiac Catheterization Using a Nonionic Versus lonic 
Radiographic Contrast Agent 

Michael B. Harding, Charles J. Davidson, Karen S. Pieper, Mark Hlatky, 
Steven J. Schwab, Kenneth G. Morris, James B. Hermiller, and 
Thomas M. Bashore 





READERS’ COMMENTS 

1120 

Economic Evaluation of Cholesterol Lowering 
Juhani Partanen 


Continued on page A46 


A42 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 


_ 


e Change of Address? 
Please call us 6-8 weeks in advance if you 


are moving. 

a Questions or Problems? 
Are you encountering any problems with 

your subscription? Need single copies or 

additional subscriptions? Call us toll free. 
a Gift Giving? 
The journal makes a useful, timely gift to colleagues. Simply call 
to place your orders. 


(call toll free) 1 -800-32 7-902 1 


B A C K B Y ro ' rT iv &.A K DES eee Ge. Gee ee D, 


A Guide to Cardiac Pacemakers, 
Defibrillators & Related Products 


A Cllel0 


LICCEMLS, 
POU UAE 
e A comprehensive, completely updated atlas of pacemakers and related ehtyi y 
products is now available that includes all devices in the 1983 & 1986 atlases, 
PLUS models released since then. Data collection is more accurate because 
manufacturers input and maintain the latest updates to their listings. 


e Drs. Morse, Parsonnet, Gessman, and others have compiled a completely updated list | 
of pacemakers, leads, programmers, and defibrillators in easy-to-use versions. o. 
e Listings contain detailed technical specifications for each product, a photograph, and an 
x-ray to help identify implanted products. The Guide also contains a comprehensive glossary. 


e The Guide is available as a loose-leaf binder with tabs, as a bound book, and as a computerized database with 
retrieval software. 


“A GUIDE TO CARDIAC PACEMAKERS, DEFIBRILLATORS & RELATED PRODUCTS” 


: C 
7 J Binder with tabs (1,000 pages) - $179 p 4 AA KO 
DROEGE i / 


OOIIIG SERVICES L] Computer database & software (includes 1 year of Quarterly Updates) — $229 


Droege Computing Services, Inc. [] Bound book (2 volumes, 1,000 pages) 


3200 Croasdaile Drive, Ste. 304 “a | 
PLUS Shipping and Handling: $6 (USA) $40 (International) 


urban iNe 27705 VISA, MASTERCARD, Purchase Order, or Check ted 
i f 351 , , Purchase Order, or Check accepted _ ; 
i ae os es aah že Call for prices: Updates, Mini Atlases (manufacturer specific), or Photo Section 





CONTENTS/ABSTRACTS 


FROM THE EDITOR 


1 12 1_ 

Oft- Repeated Requests to Authors from 2 an Editor of a 
Cardiology Journal 

William C. Roberts 


INSTRUCTIONS TO AUTHORS on page 1010 


CLASSIFIED ADVERTISING on pages A80, A81, A82 


A46 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 









CORONARY ARTERY DISEASE 


ILII 


American 
Journal 


of 
Cardiology 


OCTOBER 15, 1991, VOL. 68, NO. 10 





Enhanced Effectiveness of Combined Sustained- 
Release Forms of Isosorbide Dinitrate and 
Diltiazem for Stable Angina Pectoris 


Günter Lehmann, MD, Günther Reiniger, MD, Hans-Ullrich Haase, MD, and Werner Rudolph, MD 





In 14 patients with documented coronary artery 
disease, the extent and duration of acute anti- 
ischemic, antianginal and hemodynamic effects 
of monotherapies with 120 mg of sustained-re- 
lease isosorbide dinitrate and diltiazem were 
compared; their combined therapy administered 
once daily in the morning with diltiazem given 
again in the evening were also compared accord- 
ing to a randomized, double-blind, crossover, 
placebo-controlled protocol including exercise 
testing for assessment of ST-segment depres- 
sion (ST|) at an identical work load, exercise ca- 
pacity and determination of plasma concentra- 
tions of both substances. Comparison of individ- 
ual substances revealed more marked and 
sustained effects of isosorbide dinitrate (ST| at 2 
hours, —66%; at 6 hours, —50%; p <0.05 for 
both), remaining statistically significant up to 12 
hours (—24%) than of diltiazem (2 hours, —30%; 
6 hours, —16%; p <0.05). Combined therapy re- 
sulted in increased effects (ST| at 2 hours, 
—80%; 6 hours, —76%; 12 hours, —30%; p 
<0.05) as opposed to individual substances for a 
period of up to 12 hours. However, therapeutic 
coverage over 24 hours could not be demon- 
strated, even with renewed administration of 
sustained-release diltiazem in the evening. 

Plasma concentrations of isosorbide-5-mono- 
nitrate were >250 ng/ml for 12 hours on days 
when isosorbide dinitrate was given, decreasing 
to <100 ng/ml at 24 hours. On days when diltia- 
zem was given, plasma levels >50 ng/ml were 
detected only at 2 and at 6 hours, and at 24 
hours only after a second tablet was given. 

(Am J Cardiol 1991;68:983-990) 

From the Department of Cardiology, German Heart Centre Munich, 
Munich, Federal Republic of Germany. Manuscript received April 17, 
1991; revised manuscript received and accepted June 14, 1991. 

Address for reprints: Werner Rudolph, MD, Department of Cardi- 


ology, German Heart Centre Munich, Lothstrasse 11, D-8000 Munich 
2, Federal Republic of Germany. 


ischemic and antianginal efficacy of nitrates, 

calcium antagonists, and 6 blockers is well es- 
tablished.!-!© High-dose nitrates in sustained-release 
forms, taken once daily, enable successful treatment of 
myocardial ischemia and angina pectoris, and is unat- 
tenuated during long-term administration. This has 
been demonstrated by reducing both exercise-induced 
ischemia!7:!8 and ischemic episodes during everyday ac- 
tivities.!? Also, calcium antagonists are of proven antiis- 
chemic and antianginal efficacy,>>-7-?-!®70-+4 although 
administration twice or even $ times daily is still neces- 
sary. However, in many patients, especially in those 
with an advanced degree of the disease, ischemia and 
symptoms are often incompletely eliminated with use 
of only 1 substance. In this case, further therapeu- 
tic benefit by the addition of substances with dif- 
ferent mechanisms of action on coronary vasomotor 
tone as well as by reduction of both preload and 
afterload36:9-10.12,14,15,23,24 can be anticipated. In this 
regard, combinations of calcium antagonists and 6 
blockers, !:47:!1,20,22,25 or nitrates and 8 blockers®!* have 
proved superior to individual substances. By contrast, 
controversy exists about the few data available con- 
cerning combinations of nitrates and calcium antago- 
nists,?!2:!4,15,24 especially when formulations to be tak- 
en once daily are used. We therefore compared the ex- 
tent and duration of antiischemic and antianginal ef- 
fects of high-dose monotherapies of isosorbide dinitrate 
or sustained-release diltiazem with those of placebo, 
and with those of a combination of both, respectively. 
Furthermore, we investigated whether therapeutic cov- 
erage lasting 24 hours is effective with administration 
of both substances in the morning and another tablet of 
120 mg of sustained-release diltiazem given 12 hours 
later. 


F or treatment of coronary artery disease, anti- 


METHODS 

Patients: The study was performed in 14 men with 
angiographically documented coronary artery disease 
with >75% stenosis of at least 1 major coronary artery; 


ANGINA PECTORIS 983 


all had both reproducible exercise-induced ST-segment 
depression on the electrocardiogram (20.2 mV at 0.08 
second after the J point in at least 1 precordial lead) as 
well as stable angina pectoris for >3 months before the 
study. Patients with concomitant cardiovascular disease 
were excluded from the study. Other than the sub- 
stances testec, no other drugs capable of affecting the 
measured parameters were permitted. Nitrates, calci- 
um antagonists and 6 blockers were discontinued at 
least 5 half-lives before the studies. If required, 0.8 mg 
of nitroglycerin was given sublingually. All patients had 
given their informed written consent before participa- 
tion in the study. 

Study protocol (Figure 1): The study was performed 
in a randonaized, placebo-controlled, double-blind, 
crossover protocol. The extent and duration of action 
were assessed on 5 individual days, each separated from 
the subsequent day by a 24-hour washout period. In the 
morning, either 2 tablets of placebo, identical in ap- 
pearance to the respective substances, or placebo plus 
either | tablet of 120 mg of sustained-release isosorbide 
dinitrate or 120 mg of sustained-release diltiazem or a 
combination of both without placebo were adminis- 
tered; in the evening, placebo was given. On another 
day, 12 hours after ingesting both active agents in the 
morning, patients received another 120 mg of sus- 
tained-release diltiazem instead of placebo. At 2, 6, 12 
and 24 hours after morning ingestion of active drug/ 
placebo on the respective days of treatment, exercise 
testing was performed and blood samples were taken 
for plasma concentration determinations. 

Exercise testing was conducted with the patient in a 
semisupine position on a bicycle ergometer. An individ- 
ual work load was chosen so that ST-segment depres- 
sion of 20.1 mV could be anticipated in each patient 3 
to 4 minutes after beginning exercise. At intervals of 3 
minutes the work load was increased by 30 Ws. Termi- 


<— 24h —><24h> 


120 mg sr 





nation of exercise was symptom-limited (angina pecto- 
ris, exhaustion, shortness of breath) or on observation 
of 4 mm of ST-segment depression. Electrocardio- 
graphic tracings of the precordial leads V; to Vg were 
recorded each minute during and for 6 minutes after 
termination of exercise. Blood pressure and heart rate 
were measured at rest, at the end of each work load, at 
termination of exercise and at 3 and 6 minutes after 
exercise. ST-segment depression at 0.08 second after 
the J point in the lead with the most marked changes in 
the pretreatment phase was evaluated by 2 independent 
observers. 

Plasma concentrations of both isosorbide dinitrate 
and isosorbide-5-mononitrate were analyzed by means 
of gas chromatography.° In the case of diltiazem and 
its major metabolite, desacetyl diltiazem, high-perfor- 
mance liquid chromatography was used.27 

End-point parameters assessed were: reduction in 
ST-segment depression at a comparable work load: 
ischemia free and pain-free work loads (i.e., 1 minute 
before an ischemic reaction of | mm of ST-segment 
depression or | minute before development of angina 
pectoris, respectively); total exercise capacity (in watts 
times minutes); heart rate and systolic blood pressure at 
rest and at comparable work load; plasma concentra- 
tions of isosorbide dinitrate, isosorbide-5-mononitrate, 
diltiazem and desacetyl diltiazem. 

For statistical evaluation of influence of treatment, 
analysis of variance was used combined with Fisher’s 
protected least-significant difference procedure. To ex- 
clude an impact of the day of study, the crossover ex- 
periment for clinical trials*® was performed. A p value 
<0.05 was considered significant. 

Patients with insufficient responses (nonresponders) 
to diltiazem were defined as having a reduction in ST- 
segment depression <33% or <1 mm at all points in 
time compared with responses observed in patients tak- 
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Ergometries and blood sampling at 2, 6, 12, and 24 hours each after morning medication 


FIGURE 1. Study design. On treatment days patients received either 2 tablets of placebo or diltiazem placebo + 120 mg of sus- 
tained-release (sr) isosorbide dinitrate (ISDN) or ISDN placebo + 120 mg sustained-release diltiazem or the combination of both 
at 6:00 a.m. and then 1 tablet of diltiazem placebo at 6:00 p.m. On another day with both sustained-release ISDN and diltiazem in 
the morning, patients were given another 120 mg of sustained-release diltiazem at 6:00 p.m. instead of diltiazem placebo. 
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TABLE I Hemodynamic Measurements 


Hours After Dosing 


a 


2 Hours 6 Hours 


Parameters 


BOF 2.1" 
+0:3.+0.3° 2 
3567 158 
+80 +45 
452t 283 
+91 +69 
625t 549 
+86 +87 


ST | at comparable 
work load (mm) 
Ischemia-free work 
load (W x min) 
Pain-free work load 

(W x min) 
Total work load 

(W x min) 
IS-5-MN (ng/ml) 


Diltiazem (ng/ml) 55 
AE i 
HR at rest (beats/ 66 
min) 
SBP at rest (mm Hg) 
+4 


*p <0.05; tp <0.01; ł <0.001; §p <0.0001. 
Values are mean + standard error of the mean. 


12 Hours 24 Hours 


Antiischemic, antianginal and hemodynamic effects as well as plasma levels of isosorbide-5-mononitrate and diltiazem at 2, 6, 12 and 24 hours after administration of placebo, 120 
mg of sustained-release isosorbide dinitrate and diltiazem, and a combination of both in the morning, and another 120 mg of sustained-release diltiazem in theevening. 

D = diltiazem (120 mg); HR = heart rate; | = isosorbide dinitrate (120 mg); ID = isosorbide dinitrate and diltiazem (120 mg in the morning); IDD = 10+ diltiazem (120 mg in the 
evening); IS-5-MN isosorbide-5-mononitrate; P = placebo; SBP = systolic blood pressure; ST | = ST-segment depression. 


ing placebo despite plasma concentrations >50 ng / 
ml.!6 


RESULTS 

ST-segment depression at comparable work load 
(Figure 2 and Table l): SUSTAINED-RELEASE ISOSORBIDE 
DINITRATE (120 MG): Compared with placebo, exercise-in- 
duced ST-segment depression at a comparable work 
load with isosorbide dinitrate was reduced, each statisti- 
cally significant by 66, 50 and 24% at 2, 6 and 12 


x 
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G | 
A 
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hours, respectively. However, at 24 hours, no effect on 
this parameter could be detected. 

SUSTAINED-RELEASE DILTIAZEM (120 MG): Comparably 
fewer reductions by 30% at 2 hours and by 16% at 6 
hours were found. At 12 hours, only a residual and 
nonsignificant effect of 12% was observed. 

ISOSORBIDE DINITRATE + DILTIAZEM: As opposed to the 
individual substances, simultaneous administration of 
120 mg of sustained-release isosorbide dinitrate and dil- 
tiazem enabled a meaningfully enhanced efficacy last- 


-2 % 
10%) -0% 


O Placebo 

El Diltiazem sr 

Ei ISDN sr 

ISDN sr + Diltiazem sr 


FIGURE 2. ST-segment depression at comparable work load at 2, 6, 12 and 24 hours after morning ingestion of placebo, 120 
mg of sustained-release (sr) diltiazem, 120 mg of sustained-release isosorbide dinitrate (ISDN), and the combination of sus- 
tained-release ISDN and diltiazem (columns represent mean + standard error of the mean). Percent changes compared with pla- 


cebo are indicated. *p <0.05; **p <0.01; ***p <0.001. 
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ing up to 12 hours; this showed a statistically significant 
reduction ir ST-segment depression of 80, 76 and 30% 
at 2, 6 and 12 hours, respectively, compared with place- 
bo. These reductions were again statistically significant 
compared with results of either of the active substances, 
lasting up to 12 hours. 

ISOSORB DE DINITRATE + DILTIAZEM TWICE DAILY: 
When compared with placebo, no meaningful effective- 
ness lasting 24 hours after dosing could be observed 
with combited therapy; repeat administration of 120 
mg of sustemed-release diltiazem every 12 hours was 
also not effective. 

ischemié-free work load (Figure 3 and Table l): sus- 
TAINED-RELE“SE ISOSORBIDE DINITRATE: Increases in work 
load of 324, 169 and 193% without signs of ischemia 
compared wath placebo at 2, 6 and 12 hours, respective- 
ly, were all statistically significant versus placebo. 

SUSTAINBD-RELEASE DILTIAZEM: Corresponding values 
with adminstration of diltiazem were comparably less, 
amounting -© 88, 14 and 40% at 2, 6 and 12 hours, 
respectively, each lacking statistical significance. 

ISOSORBIPE DINITRATE + DILTIAZEM: Further increases, 
each statistically significant, were achieved — 495, 290 
and 260% versus placebo at the corresponding points in 
time. However, none of the regimens tested led to sta- 
tistically sigaificant increases at 24 hours after dosing, 
not even when another 120 mg dose of sustained-re- 
lease diltiazem was administered in the evening (i.e., 12 
hours later). 

Pain-free work load (Figure 4 and Table l): sus- 
TAINED-RELEASE ISOSORBIDE DINITRATE: Work load with- 
out occurrerce of angina pectoris at 2, 6 and 12 hours 


was increased; this was statistically significant only at 2 
and at 6 hours — 153, 147 and 56%, respectively. 

SUSTAINED-RELEASE DILTIAZEM: Corresponding in- 
creases at 58, 87 and 60% proved statistically signifi- 
cant only at 6 hours. 

ISOSORBIDE DINITRATE + DILTIAZEM: Most marked in- 
crements of pain-free work load of 265, 249 and 112%, 
each statistically significantly different from placebo, 
were observed with combined administration of both 
substances. At 24 hours, again no statistically signifi- 
cant effect on this parameter with any of the substances 
tested could be observed. 

Total work load (Table l): SUSTAINED-RELEASE ISOSOR- 
BIDE DINITRATE AND DILTIAZEM: Up to 2, 6 and 12 hours, 
work load until termination was increased by 39, 50 
and 13%, respectively, with isosorbide dinitrate and by 
22, 21 and 12%, respectively, with diltiazem. With the 
nitrate, effects were statistically significant compared 
with placebo for up to 6 hours, whereas with diltiazem, 
effects were significant at 6 hours. 

ISOSORBIDE DINITRATE + DILTIAZEM: Up to 12 hours 
after dosing, more marked effects could be achieved 
with combined administration of sustained-release iso- 
sorbide dinitrate and diltiazem each statistically signifi- 
cant, amounting to 90, 75 and 33% compared with pla- 
cebo, respectively. Again, neither regimen tested led to 
effects lasting 24 hours. 

Heart rate and blood pressure (Table I): Statistically 
significant hemodynamic effects were observed only 
with sustained-release isosorbide dinitrate and with 
combined therapy, each lasting 12 hours; systolic blood 
pressure at rest was maximally reduced by 13%. Com- 
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FIGURE 3. Ischemia-free work load at 2, 6, 12 and 24 hours after morning ingestion of placebo, 120 mg of sustained-release 
sustained 


(sr) diltiazem, £20 mg of sustained-release isosorbide dinitrate (ISDN), and the combination of 
mean + standard error of the mean). Percent changes compared with placebo are indicated. *p <0.05; 


zem (columns represent 
**p <0.01; *=*p <0.001. 


-release ISDN and diltia- 
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bined treatment did not further enhance the effect on 
blood pressure brought about by sustained-release iso- 
sorbide dinitrate alone. Heart rate was not influenced 
in a statistically significant manner with any treatment. 

Plasma levels (Figures 5 and 6; Table I): With ad- 
ministration of 120 mg of sustained-release isosorbide 
dinitrate either alone or combined with 120 mg of sus- 


Watts x min 





tained-release diltiazem once or twice daily, mean (tak- 
en together from all 3 days) isosorbide dinitrate plasma 
concentrations of 21, 13, 3 and 1 ng/ml were measured 
at 2, 6, 12 and 24 hours, respectively. The correspond- 
ing values for its long-acting major metabolite, isosor- 
bide-5-mononitrate, amounted to 266, 470, 336 and 86 
ng/ml. Sustained-release diltiazem, 120 mg, adminis- 
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FIGURE 4. Pain-free work load at 2, 6, 12 and 24 hours after morning ingestion of placebo, 120 mg of sustained-release (sr) 


diltiazem, 120 
zem (columns 
**p <0.01; ***p <0.001. 


lsosorbide Dinitrate 


24 hours 


mg of sustained-release isosorbide dinitrate (ISDN), and the combination of sustained-release ISDN and diltia- 
mean + standard error of the mean). Percent changes compared with placebo are indicated. *p <0.05; 


Isosorbide - 5 - Mononitrate 


24 hours 





FIGURE 5. Plasma levels (mean) of isosorbide dinitrate (left panel) and isosorbide-5-mononitrate (right panel) at 2, 6, 12 and 


24 hours after administration of 120 mg of sustained-release isosorbide dinitrate (triangles), 120 mg of sustained 


-release iso- 


sorbide dinitrate + 120 mg sustained-release diltiazem (squares), and 120 mg of sustained-release isosorbide dinitrate + 120 
mg sustained-release diltiazem in the morning + another 120 mg of diltiazem sustained-release in the evening (circles). 
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tered either alone or together with sustained-release iso- 
sorbide dinitrate, led to mean (taken together from all 3 
days) diltiazem plasma concentrations of 60, 63 and 43 
ng/ml at 2.6 and 12 hours, respectively. At 24 hours, 
mean (taken together from both days) values of 13 
ng/ml were measured after 120 mg of sustained-release 
diltiazem, cace daily, and mean values of 59 ng/ml 
were meas-red on the day when a second tablet was 
given 12 hours apart. Concentrations of the long-acting 
major meta olite desacetyl diltiazem, which is attribut- 
ed to 40 to 50% of antiischemic and antianginal effects 
of the paremt compound,?? amounted to 9, 11 and 11 
ng/ml on average at the corresponding points in time. 
At 24 hours. values of 6 and 16 ng/ml were found after 
once- or twice-daily administration, respectively. 

Adverse effects: When the nitrate was adminis- 
tered, symptomatic hypotensions occurred in only 1 pa- 
tient. Otherwise, no other untoward side effects were 
observed. | 


DISCUSSION 

This investigation was undertaken to compare the 
extent and juration of antiischemic, antianginal and 
hemodynamic effects of high-dose sustained-release iso- 
sorbide dinitrate with those of sustained-release diltia- 
zem; in addition, we examined whether additional ben- 
efit could be derived from combined therapy. Results 
on simultaneous administration of nitrates and calcium 
antagonists still showed additional efficacy of intrave- 
nous nitrogl»cerin?:!!; however, this type of therapy is 
confined to m-hospital scopes. Published data available 


Diltiazem 


24 hours 


FIGURE 6. Plasma levels (mean) of diltiazem (left panel) and 


ministration of 120 mg of sustained-release diltiazem (triangles), 


sustained-release diltiazem (squares), and 120 mg of 


on simultaneous oral applications?:!4:!5.24 are controver- 
sial and do not consider high-dose, sustained-release 
formulations that allow once- and twice-daily adminis- 
tration, thus facilitating patient compliance. Intraindi- 
vidual comparison of both substances clearly reveals 
more marked and longer lasting effects of isosorbide 
dinitrate, lasting >12 hours. In contrast, even with the 
exclusion of nonresponders, diltiazem had comparably 
less efficacy, and approached statistical significance 
only with some parameters and for a shorter duration. 
Compared with monotherapies, clear-cut increments 
in antiischemic and antianginal effects for up to 12 
hours after morning ingestion were detected with ad- 
ministration of combined therapy. However, efficacy 
lasting 24 hours could not be demonstrated after ad- 
ministration of another 120 mg of sustained-release dil- 
tiazem in the evening (i.e., 12 hours apart). 
Statistically significant changes in heart rate and 
blood pressure at rest were only detected with adminis- 
tration of sustained-release isosorbide dinitrate; such 
changes did not increase with combined treatment. 
These clinical findings showing positive results with 
a combination of sustained-release isosorbide dinitrate 
and diltiazem are supported by data collected invasive- 
ly, demonstrating favorable effects of the combination 
on pulmonary arterial resistance, arterial blood pres- 
sure, left ventricular filling pressure, preload, cardiac 
output, and oxygen consumption.?:!2:!4,24 
The results of the present study are presumably lim- 
ited by several aspects, especially with regard to diltia- 
zem, which had minor effects compared with isosorbide 


Desacetyl Diltiazem 


24 hours 





diltiazem (right panel) at 2, 6, 12 and 24 hours after ad- 
120 mg of sustained-release isosorbide dinitrate + 120 mg of 
isosorbide dinitrate + 120 mg sustained-release diltia- 


zem in the morning + another 120 mg of diltiazem sustained-release in the evening (circles). 
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dinitrate. Plasma concentrations of approximately 60 
ng/ml were measured, with the formulation of dil- 
tiazem given (thus within a therapeutically effective 
range, although close to its lower limit).!°!° According- 
ly, with long-term administration of diltiazem, more 
marked and persisting effects can be expected because 
of meaningful accumulation, as suggested by studies in 
which higher dosages were administered.'®?! Addition- 
ally, minimal diltiazem plasma concentrations required 
for elicitation of effects of 50 ng/ml may simply be still 
too low. Furthermore, medical treatment of coronary 
artery disease is often interrupted by the individual pa- 
tients’ unresponsiveness to a given substance, especially 
to calcium antagonists.®:24 In the present study, 2 of 14 
patients were nonresponders to diltiazem, whereas all 
patients responded to nitrates or the combination, re- 
spectively. However, even with exclusion of both nonre- 
sponders and patients displaying plasma levels <50 
ng/ml, the effects with diltiazem were less than those 
with nitrates. Finally, the mode of exercise testing prob- 
ably contributing to the superiority of isosorbide dini- 
trate should be considered. According to a study?? com- 
paring the impact of supine and erect graded bicycle 
exercise testing on the production of ischemic electro- 
cardiographic ST-segment changes, ischemic reactions 
are more pronounced during supine exercise, which is 
the preferred type of exercise testing in Europe, and 
which is due to an augmented left ventricular preload. 
This, in turn, may prejudice the effects of calcium 
antagonists, which primarily act on arterial seg- 
ments,!2:!4,23 compared to those of the nitrate, which 
primarily acts on the preload. 

Analysis of plasma concentrations of isosorbide-5- 
mononitrate,”° the long-acting major metabolite of iso- 
sorbide dinitrate, revealed marked fluctuations during 
the 24-hour treatment cycle, which are essential for the 
circumvention of tolerance development during chronic 
treatment.®:!8 It was shown that with long-term admin- 
istration of this formulation, meaningful accumulation 
does not occur. Accordingly, unattenuated effects have 
been documented over several weeks compared with ef- 
fects at initial dosing.®:!3.!>.!8 

Thus, as assessed from the effects described, both 
substances are antiischemically and antianginally effec- 
tive, with more marked effects from isosorbide dinitrate 
on an intraindividual basis. However, the dose of diltia- 
zem tested in the present study does not appear large 
enough for some of the patients. Simultaneous adminis- 
tration of both sustained-release isosorbide dinitrate 
and diltiazem, 120 mg/day, each revealed marked anti- 
ischemic and antianginal effects lasting >12 hours, 
which was superior to those of the individual sub- 
stances. Thus, an effective antiischemic and antianginal 
protection can be provided for the daily period encom- 
passing most physical activities in the majority of pa- 


tients with stable angina pectoris. However, efficacy 
lasting 24-hours cannot be achieved even with 2 tablets 
of sustained-release diltiazem in the dosage tested. For 
this reason, patients exhibiting either symptomatic or 
silent nocturnal ischemia should be given either a high- 
er dosage of diltiazem twice daily or, alternatively, a 
different, long-acting substance (e.g., a 6 blocker, ei- 
ther alone or in a combination). 
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Increased Plasma Level of Endothelin-1-Like 
Immunoreactivity During Coronary Spasm in 
Patients with Coronary Spastic Angina 


Kozaburo Matsuyama, MD, Hirofumi Yasue, MD, Ken Okumura, MD, Yoshihiko Saito, MD, 
Kazuwa Nakao, MD, Gotaro Shirakami, MD, and Hiroo Imura, MD 





To examine the role of endothelin in coronary 
spasm, the plasma endothelin-1-like immunore- 
activity in the coronary sinus and the aortic root 
was measured before and during spasm of the 
left coronary artery induced by injection of ace- 
tyicholine (20 to 100 ,g) into the left coronary 
artery in 26 patients with coronary spastic angi- 
na. The plasma level of endothelin-1-like immu- 
noreactivity was measured by the radioimmuno- 
assay with a monoclonal antibody against en- 
dothelin-1. Plasma lactate levels in the coronary 
sinus and the aortic root were also measured to 
evaluate myocardial lactate metabolism during 
spasm. In 13 patients who had myocardial lac- 
tate production during spasm, the plasma level 
of endothelin-1-like immunoreactivity in the cor- 
onary sinus increased from 19.8 + 3.0 to 25.7 + 
6.4 pg/ml (p <0.01), while that in the aortic root 
remained unchanged (from 20.2 + 5.9 to 21.3 + 
5.8 pg/ml). No significant changes in the plasma 
levels of endothelin-1-like immunoreactivity in 
the coronary sinus (from 21.1 + 7.3 to 19.7 + 
5.2 pg/ml) and the aortic root (from 21.1 + 5.7 
to 19.7 + 5.6 pg/ml) were observed in 13 pa- 
tients who did not show myocardial lactate pro- 
duction during spasm. On the other hand, 16 pa- 
tients without ischemic heart disease showed no 
significant changes in the plasma levels of en- 
dothelin-1-like immunoreactivity in the coronary 
sinus (from 24.4 + 9.7 to 25.8 + 6.9 pg/ml) and 
the aortic root (from 23.0 + 7.1 to 23.4 + 5.8 
pg/ml) by acetylcholine injection (100 yg). These 
results indicate that endothelin is released into 
the coronary circulation in response to coronary 
spasm with metabolic evidence of myocardial 
ischemia. 

(Am J Cardiol 1991;68:991-995) 
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oronary artery spasm plays an important role 
( in the development of not only variant angina 
but also other forms of angina and acute myo- 
cardial infarction.'~3 It has been suggested that coro- 
nary arteries in patients with variant angina are in- 
volved in endothelial injury or atheresclerosis, even 
though some of them may appear normal angiographi- 
cally.4° However, precise mechanism(s) by which coro- 
nary artery spasm occurs still remains unknown. 
Endothelin, a 21-amino acid endothelium-derived 
peptide, is a potent vasoconstrictor in humans and ani- 
mals®” and is thought to have a key role in the regula- 
tion of vascular tone® by interaction with endothelium- 
derived relaxing factor.’ Since endothelium-dependent 
relaxation may be impaired in coronary arteries with 
injured endothelium, response to or secretion of endo- 
thelin may be altered in these arteries, which suggests 
that endothelin may be involved in coronary spasm. 
However, the precise role of endothelin on coronary 
spasm has not been established. The present study ex- 
amines the role of endothelin in coronary spasm by 
measuring the plasma concentration of endothelin-1- 
like immunoreactivity in the coronary sinus during cor- 
onary spasm with metabolic evidence of myocardial 
ischemia. 


METHODS 

Study patients: Patients included in this study were 
divided into the coronary spastic angina group and the 
control group. The coronary spastic angina group con- 
sisted of 26 patients (22 men and 4 women, mean age 
58 + 8 years) who had attacks of chest pain associated 
with ST-segment elevation or depression on the electro- 
cardiogram occurring at rest and in whom spasm of the 
left coronary artery was induced by injection of acetyl- 
choline into the left coronary artery. The control group 
consisted of 16 patients (7 men and 9 women, mean 
age 60 + 7 years) with atypical chest pain who had no 
evidence of ischemic heart disease. This study protocol 
was approved by the ethics committee at our institu- 
tion, and a written informed consent was obtained from 
each patient and his or her family. 

Catheterization procedures: All drugs were with- 
drawn >72 hours before cardiac catheterization, except 
sublingual nitroglycerin, which was also withdrawn 22 
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hours before: catheterization. The study was performed 
in the mormng in the fasting state. A 6Fr Goodale- 
Lubin catheter (USCI) for blood sampling was posi- 
tioned in the coronary sinus through the right antecubi- 
tal vein. The position of the catheter was confirmed by 
occasional injection of the contrast medium. A tripolar 
electrode catheter (USCI) was inserted into the right 
ventricular pex through the right femoral vein and was 
connected tc a temporary pacemaker set at a rate of 40 
to 50 beats/min. Coronary arteriography was per- 
formed using the Sones technique. After the control left 
and right coronary arteriography, acetylcholine (20 to 
100 ug) was injected into the left coronary artery for 
provocation =f coronary spasm as reported previously.48 
Left coronary arteriography was performed when ST- 
segment changes on the electrocardiogram or chest 
pain, or both developed, or 1.5 minutes after initiation 
of each injection. Coronary spasm was defined as total 
or subtotal occlusion or diffuse severe constriction of the 
coronary artery associated with chest pain or ST-seg- 
ment changes on the electrocardiogram, or both. Dur- 
ing the study, arterial blood pressure and 3 electrocar- 
diographic Lads (I, aVF and V3 or V4) were con- 
tinuously monitored on an oscilloscope, and 6 elec- 
trocardiograshic leads (I, II, aVF, Vi, V3 and Vs) 
were continucusly recorded and 12 electrocardiographic 
leads were recorded at appropriate intervals. 

Blood sampling: Blood samples for measurements of 
endothelin-1-ike immunoreactivity and lactate were 
obtained sin altaneously from the coronary sinus and 
the aortic roe: during the study. In the coronary spastic 
angina group blood samples were obtained just before 
the initial injection of acetylcholine and 20 to 30 sec- 
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FIGURE 1. Plats of individual and mean + standard deviation 
values of plasma endothelin-1 -like i (ET-1-L1) 
levels in the co-onary sinus (CS) and the aortic root (Ao) be- 
fore and after the injection of acetylcholine in the coronary 
spastic angina group as a whole. Left coronary arterial spasm 
was induced aftr the injection of acetylcholine in each pa- 
tient. No signifeant changes in plasma ET-1-LI levels in both 
CS and Ao were observed. NS = not significant. 





onds after the arteriographic documentation of spasm. 
In the control group, blood samples were obtained just 
before the initial injection of acetylcholine and 20 to 30 
seconds after the coronary arteriography performed af- 
ter injection of a maximum dose of acetylcholine. Each 
blood sample was immediately withdrawn into a chilled 
siliconized glass tube that contained aprotinin (1,000 
KIU/ml) and ethylenediaminetetraacetic acid (1 mg/ 
ml) and centrifuged at 3,000 g for 10 minutes at 4°C, 
separated and stored at —80°C until analysis. 

Measurement of plasma endothelin-1-like immuno- 
reactivity level: Plasma endothelin-1-like immunoreac- 
tivity level was measured in duplicate using the radio- 
immunoassay with a monoclonal antibody against en- 
dothelin-1 (KY-ET-1-I), which was validated in the 
previous studies.”:!° The extraction of endothelin from 
plasma was performed using polystyrene beads coated 
with the monoclonal antibody. The value of 50% inhibi- 
tory concentration was 6 pg/tube and the minimal de- 
tectable amount was 0.5 pg/tube in this radioimmuno- 
assay. Recoveries of 25 and 50 pg endothelin-1 and 50 
pg big endothelin added to 1 ml plasma were 52, 55 
and 48%, respectively.’ Inter- and intraassay variations 
in the radioimmunoassay were 6.8 +2.8 and 7.3 + 
2.2%, respectively.? The radioimmunoassay showed 
cross-reactivities of 60% with endothelin-3 and 100% 
with endothelin-2 and human big endothelin.’ 

Measurement of plasma lactate level: The plasma 
concentration of lactate was measured in duplicate 
using an enzyme system assay kit, Determiner 
LA (Kyowa Medics Corp.), employing lactate oxidase 
combined with N-ethyl-N-(3-methylphenyl )-N’-acetyl- 
ethylenediamine.'! Myocardial lactate extraction ratio 
was calculated by the following formula: myocardial 
lactate extraction ratio (%) = [(Lao—Lces)/Lao] X 100 
where La, and Leg represent plasma lactate concentra- 
tion (mg/dl) in the aortic root and in the coronary si- 
nus, respectively. 

Statistical analysis: The 2-tailed paired Student’s t 
test was used in analysis of changes in endothelin-1-like 
immunoreactivity and lactate levels in each group. 
Comparisons of endothelin-1-like immunoreactivity lev- 
els between the 2 groups were performed with the un- 
paired Student’s 7 test. All values were expressed as 
mean + standard deviation, and a p value <0.05 was 
defined as statistically significant. 


RESULTS 

induction of coronary spasm: The injection of ace- 
tylcholine into the left coronary artery induced spasm 
of the left coronary artery in all patients in the coronary 
spastic angina group. Table I lists the site(s) of left cor- 
onary arterial spasm and the results of left coronary 
arteriography performed after sublingual administra- 
tion of nitroglycerin (0.3 mg) in each patient. On the 
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other hand, intracoronary injection of acetylcholine 
caused no spasm in the control group patients. All the 
control group patients had normal coronary arteries. 

Lactate metabolism: Myocardial lactate extraction 
ratio decreased from 38.8 + 18.5 to —8.0 + 38.5% (p 
<0.001) during spasm in the coronary spastic angina 
group as a whole. In 13 patients in the coronary spastic 
angina group, myocardial lactate extraction ratio be- 
came negative during spasm (from 30.0 + 17.2 to 
—35.8 + 35.7%, p <0.001). In the remaining 13 pa- 
tients in this group, myocardial lactate extraction ratio 
decreased but did not become negative during spasm 
(from 47.7 + 15.6 to 19.8 + 11.6%, p <0.01). In the 
control group, myocardial lactate extraction ratio also 
decreased slightly from 48.6 + 15.4 to 32.9 + 14.7% (p 
<0.01) after the injection of acetylcholine but never be- 
came negative in any of the patients. 

Changes in plasma endothelin-1-like immunoreac- 
tivity level: Plasma endothelin-1-like immunoreactivity 
level did not change significantly in both the coronary 
sinus (from 20.5 + 5.5 to 22.7 + 6.5 pg/ml) and the 
aortic root (from 20.7 + 5.7 to 20.5 + 5.6 pg/ml) in 
the coronary spastic angina group as a whole (Figure 
1). No significant changes in plasma endothelin-1-like 
immunoreactivity levels in the coronary sinus (from 
24.4 + 9.7 to 25.8 + 6.9 pg/ml) and the aortic root 
(from 23.0 + 7.1 to 23.4 + 5.8 pg/ml) were also ob- 
served in the control group (Figure 2). No significant 
differences in endothelin-1-like immunoreactivity levels 
in both the coronary sinus and the aortic root were not- 
ed between the coronary spastic angina group as a 
whole and the control group before and after injection 
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FIGURE 2. Plots of individual and mean + standard deviation 
values of plasma endothelin-1-like immunoreactivity (ET-1-L!) 
levels in the coronary sinus (CS) and the aortic root (Ao) be- 
fore and after the injection of acetylcholine in the control 
group. No significant changes in plasma ET-1-LI levels in both 
CS and Ao were observed. NS = not significant. 


TABLE | Coronary Arteriographic Findings in 26 Patients with 
Coronary Spastic Angina 





of acetylcholine. However, in 13 patients in the coro- 
nary spastic angina group (nos. | to 13, Table I) whose 
myocardial lactate extraction ratio became negative 
during spasm, plasma endothelin-1-like immunoreactiv- 
ity level in the coronary sinus significantly increased 
from 19.8 + 3.0 to 25.7 + 6.4 pg/ml (p <0.01), while 
that in the aortic root remained unchanged (from 20.2 
+ 5.9 to 21.3 + 5.8 pg/ml) (Figure 3). In 13 patients 
in the coronary spastic angina group (nos. 14 to 26, 
Table I) whose myocardial lactate extraction ratio de- 
creased but did not become negative, no significant 
changes in plasma endothelin-1-like immunoreactivity 
levels in the coronary sinus (from 21.1 + 7.3 to 19.7 + 
5.2 pg/ml) and the aortic root (from 21.1 + 5.7 to 19.7 
+ 5.6 pg/ml) were observed (Figure 4). 
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90, diffuse Normal 


(LAD & LC) 
18 59 M 99, S7 Normal 
90, S11 
19 57 M 90, diffuse Normal 
(LAD & LC) 
20 55 M 100, S7 Normal 
21 59M 100, S7 75, S7 
22 63 F 100, S6 90, S6 
23 55M 90, S7 Normal 
90, $12 
24 57M 90, S7 Normal 
99,8511 
25 57 M 99, S7 Normal 
26 50 M TOO SI 25, S11 






*Sites of spasm and fixed stenosis refer to the segments of 
defined by the American Heart Association Committee Report. 
L-ACh = injection of acetylcholine into the left coronary artery; LAD = left anterior 


descending artery; LC = left circumflex artery; NTG = nitroglycerin. 


the coronary arteries as 
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DISCUSSION 

Endothelim is an endothelium-derived potent vaso- 
constrictor aad is released by various chemical and 
mechanical simuli. Endothelin acts directly on the 
smooth musce cells® and endothelial removal enhances 
the contractile action of this peptide.’ It has been sug- 
gested that eadothelin is the physiologic antagonist of 
endothelium-derived relaxing factor, such as nitric ox- 
ide,’!3 and that endothelin participates in the regula- 
tion of vascuEr tone by interaction with endothelium- 
derived relaxing factor.’ Because coronary arteries in 
patients with variant angina or coronary spastic angina 
are thought te be involved in endothelial injury or ath- 
erosclerosis,*~ endothelium-dependent relaxation may 
be impaired and response to or secretion of endothelin 
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FIGURE 3. Changes in plasma endothelin-1-like immunoreac- 
tivity (ET-1-LI) Evels in the coronary sinus (CS) and the aortic 
root (Ao) in 13 patients in the coronary spastic angina group 
whose myocardéal lactate extraction ratio became negative 
during spasm. Plasma ET-1-LI level in CS increased signifi- 
cantly during spasm, while that in Ao remained unchanged. 
ACh = acetyichaiine; NS = not significant. 


Plasma ET-1-Li Level (pg/ml) 


FIGURE 4. Changes in plasma endothelin-1-like immunoreac- 
tivity (ET-1-LI) levels in the coronary sinus (CS) and the aortic 
root (Ao) in 13 patients in the coronary spastic angina group 
whose myocardial lactate extraction ratio did not become neg- 
ative during spasm. No significant changes in plasma ET-1-LI 
levels in both CS.and Ao were observed. ACh = acetylcholine; 
NS = not significant. 








may be altered in these arteries. Thus, endothelin may 
be involved in coronary spasm. 

The present study clearly demonstrated that the 
plasma endothelin-1-like immunoreactivity levels in the 
coronary sinus significantly increased during left coro- 
nary arterial spasm in 13 patients with coronary spastic 
angina who showed obvious myocardial lactate produc- 
tion and whose coronary sinus blood precisely reflected 
the perfusion from ischemic area during spasm. It was 
therefore indicated that endothelin is released into the 
coronary circulation in response to coronary spasm with 
metabolic evidence of myocardial ischemia. However, 
the mechanism of increase in endothelin-1-like im- 
munoreactivity observed in our study is unknown at 
present. It may be due to the actions of spasm on lo- 
cal coronary artery tissues or to the ischemia-induced 
changes in the endothelium of the underperfused myo- 
cardial bed. 

We recently reported that endothelin-1-like immu- 
noreactivity in normal plasma consists of endothelin-1, 
big endothelin, and another precursor form of endothe- 
lin (6 K).? It is not clear which components are prefer- 
entially increased during coronary spasm because KY- 
ET-1-I recognizes all components.’ In acute myocardi- 
al infarction, parallel increases of endothelin-1 and big 
endothelin were reported.!* Thus, it is possible that the 
elevation of the plasma endothelin-1-like immunoreac- 
tivity level in the coronary circulation during spasm was 
due to parallel increases of endothelin-1, big endothelin 
and another component. Although the physiologic role 
of the precursor form of endothelin is unknown at pres- 
ent, both endothelin-1 and big endothelin are vasocon- 
strictors. Thus, the increase in endothelin-1-like immu- 
noreactivity in the coronary circulation probably would 
result in coronary vasoconstriction, which may play a 
role in the development of the vicious cycle of angina 
attack in coronary spastic angina. 

Plasma endothelin-1-like immunoreactivity level in 
the coronary sinus did not increase in patients in the 
coronary spastic angina group, who did not show myo- 
cardial lactate production during spasm. In these pa- 
tients, there was a possibility that coronary sinus blood 
did not precisely reflect perfusion from the ischemic 
area during spasm. Because intracoronary injection of 
acetylcholine increases coronary blood flow,!> the per- 
fusion from the nonischemic area might have surpassed 
the perfusion from the ischemic area. This phenomenon 
might be enhanced if the coronary artery remained oc- 
cluded by spasm during the time of blood sampling. 

We provoked coronary spasm by intracoronary in- 
jection of acetylcholine, the neurotransmitter of the 
parasympathetic nervous system. This response was 
blocked by atropine.* However, injection of acetylcho- 
line into the left coronary artery did not change the 
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plasma endothelin-1-like immunoreactivity level in the 
coronary sinus in the control group. Thus, stimulation 
of muscarinic receptors by acetylcholine does not influ- 
ence the endothelin-1-like immunoreactivity level in 
coronary circulation. It has been reported that high 
doses of acetylcholine affect myocardial metabolism 
and may turn myocardial lactate extraction ratio nega- 
tive without reducing coronary sinus oxygen tension in 
baboons.!® In our study, myocardial lactate extraction 
ratio slightly decreased with injection of acetylcholine 
in the control group. Therefore, there is a possibility 
that high doses of acetylcholine per se, affect myocardi- 
al metabolism and thus decrease myocardial lactate ex- 
traction ratio. 

The plasma endothelin-1-like immunoreactivity lev- 
el in the present study appears to be higher than that in 
the previous study!” which reported that the plasma en- 
dothelin-1 level in normal subjects was 1.5 + 0.32 
pg/ml using the enzyme immunoassay. The difference 
depends on the specificity of the assay system used in 
each laboratory.!8 As we mentioned, the plasma en- 
dothelin-1-like immunoreactivity consists of endothelin- 
1, big endothelin and another peptide (6 K), and the 
ratio of endothelin-1 to total plasma endothelin-1-like 
immunoreactivity is about 1:5.? KY-ET-1-I equally 
recognizes endothelin-1 and big endothelin, and it also 
recognizes the 6 K peptide,’ although the enzyme im- 
munoassay developed in another study!’ recognizes 
only endothelin-1. Thus, the plasma endothelin-1 level 
in the present study is comparable to that reported pre- 
viously.!7 

We demonstrated the elevated endothelin-1-like im- 
munoreactivity level in the coronary circulation during 
coronary spasm in humans. Although the precise mech- 
anisms by which endothelin is released remain to be 
elucidated, this finding provides the possibility that en- 
dothelin is involved in the pathophysiology of coronary 
spasm. 
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This study determines whether an impaired en- 
dothelium-mediated vasodilation in coronary re- 
sistance vessels exists in patients with microvas- 
cular angina. In 23 patients with clinically sus- 
pected coronary artery disease and smooth 
coronary arteries in the angiogram, coronary 
flow in response to an endothelium-related (ace- 
tyicholine) and endothelium-unrelated (dipyrida- 
mole) vasodilation was measured. Coronary flow 
was determined by the gaschromatographic ar- 
gon method (1) before, (2) with intracoronary 
acetylcholine infusion, and (3) after dipyridamole 
administered intravenously. In 8 patients, acetyl- 
choline did not significantly increase coronary 
flow (from 91 + 28 to 118 + 37 ml/min - 100 g), 
whereas flow was greatly increased after admin- 
istration of dipyridamole (258 + 97 ml/min - 100 
g), indicating an endothelium-related vasodilator 
defect. In 6 patients, neither acetylcholine nor di- 
pyridamole caused a significant increase in coro- 
nary flow, indicating an impaired coronary vaso- 
dilation on the vascular site. In 6 patients, coro- 
nary flow increased markedly after both 
administration of both acetylcholine and dipyrid- 
amole (from 81 + 26 to 191 + 68 and 234 + 87 
ml/min - 100 g). In 3 patients given acetylcho- 
line, coronary artery constriction occurred. No 
significant correlation was found between the re- 
sponse to acetylcholine and that to dipyridamole 
(r = 0.40, p = not significant). The results indi- 
cate that in a subgroup of patients with smooth 
coronary arteries angina can be caused by an 
abnormality of the endothelial function in the mi- 
crocirculation. 

(Am J Cardiol 1991;68:996-1003) 
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ngina pectoris in patients with a positive result 
A after exercise tolerance testing but without 

critical stenoses on the coronary angiogram is 
frequently associated with a compromised regulatory 
capacity of the small coronary resistance vessels, !-3 
Such a “microvascular angina” is preferentially found 
in patients with arterial hypertension and left ventricu- 
lar hypertrophy.*> 

During the last few years, animal studies have dem- 
onstrated that the vascular endothelium plays a crucial 
role in adjusting nutritive flow through various organs 
including the heart. Evidence has been accumulated 
that the endothelium-derived relaxing factor (EDRF), 
identical with nitric oxide, is produced by endothel- 
ial cells and mediates endothelium-dependent vasodila- 
tion.®? 

Recently, an abnormal endothelium-dependent vas- 
cular relaxation in patients with essential hypertension 
has been reported.!°!! We hypothesized that dimin- 
ished release of EDRF may be an important factor in 
patients with microvascular angina. Therefore, we de- 
signed a study of patients in whom microvascular angi- 
na was suspected from a positive exercise tolerance test 
and angina pectoris and without any stenoses and lumi- 
nal irregularities in the large coronary arteries. In these 
patients, the effects of the endothelium-independent di- 
lator dipyridamole on coronary flow and on coronary 
resistance were compared with those of the endotheli- 
um-dependent dilator acetylcholine. We identified a 
subgroup of patients exhibiting a specific lack of re- 
sponsiveness to acetylcholine. In these patients, an en- 
dothelial dysfunction may be the underlying reason for 
their clinical symptoms. 


METHODS 

Classification of patients: All patients studied (9 
women and 14 men aged 30 to 70 years [mean 55 + 
9]) were admitted to our institution with clinically sus- 
pected coronary artery disease. All had either typical 
exercise-related angina pectoris, a positive exercise tol- 
erance test result or supraventricular and ventricular 
arrhythmias (Table I). In the electrocardiogram at rest, 
12 patients had repolarization abnormalities, and 1 a 
left bundle-branch block. Four of them were admitted 
to the emergency room with angina pectoris at rest. 
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positive with regard to myocardial ischemia. 
Cl = cardiac index; EF = ejection fraction. 





Eighteen patients had a positive exercise tolerance 
test result (Table I). Selective coronary angiography 
showed normal smooth coronary arteries without any 
luminal irregularities in all patients. None had electro- 
cardiographic signs of variant angina in the past. Four- 
teen had a history of arterial hypertension, | had insu- 
lin-dependent diabetes mellitus, 2 had a history of 
ventricular tachycardias, and 3 had a history of supra- 
ventricular tachycardias. The study protocol was ap- 
proved by the Ethical Committee of the Heinrich-Hei- 
ne University of Diisseldorf. Each patient gave in- 
formed consent. 

Study procedure: In all patients coronary angiogra- 
phy revealed smooth epicardial coronary arteries with- 
out any luminal irregularities. Quantitative biplane 
ventriculography was performed (30° right anterior 
oblique and 60° left anterior oblique projections) by in- 
jecting 40 ml of nonionic contrast medium (Ultravist- 
370®, Schering Inc., Berlin, Federal Republic of Ger- 
many) in the left ventricle through a pigtail catheter at 
a speed of 12 ml/s. Both coronary angiography and 
ventriculography had been performed 248 hours be- 
fore the coronary microcirculation was studied to avoid 
any interference caused by the contrast medium. Cardi- 
ac output was determined by thermodilution as the 
mean of >3 measurements (Table I). 


TABLE I Age, Sex, Angina Pectoris, Resting Electrocardiogram, Exercise Tolerance Test, Left Ventricular Ejection Fraction, and Cardiac 


Resting Electrocardiogram Test (%) 


Patients with History of Arterial Hypertension 


1 Normal Positive 71 3.6 
2 T-wave inversion in leads |, aVL, V5 + Ve Positive 63 2.5 
3 55F Il Normal Negative 89 3.6 
4 48M O T-wave inversion in leads Vi—V5 Positive 81 2.5 
5 61F II Repolarization abnormalities Positive 76 2.4 
6 58M | T-wave inversion in leads Il, III, aVF Positive 73 2.6 
7 55M II Repolarization abnormalities Positive 65 2.7 
8 68M O Flattened T wave in lead V6 Positive 80 3.2 
9 52M 11-11 Left bundle branch block Negative 78 3.0 
10 52M | Normal Positive 78 3.6 
1l 70M O Flattened T wave in lead aVL Positive 82 4.5 
12 54F | Normal Negative 54 2.9 
13 63F Ill T-wave inversion in leads |, aVL, V4—V6 Positive 78 3.2 
14 55F II T-wave inversion in leads IIl, aVF, V5 + V6 Positive 67 a2 


Patients Without History of Arterial Hypertension 


*Typical angina pectoris and the emergence of horizontal or descending ST-segment depression 











Exercise 
Tolerance EF Cl 
(L/min/kg) 









Normal Positive 70 3.0 

Normal Positive 84 3.4 

17 41M II Normal Positive 70 3.4 
18 52F Il Normal Positive 65 2.8 
19 61M II T-wave inversion in lead aVL Positive 76 2.3 
20 49F II Normal Negative 83 3.9 
21 61M | T-wave inversion in leads V4—Ve, intermittent Positive 62 3.6 

left bundle branch block 

22 60M O Repolarization abnormalities Positive 22 3.3 
23 43M O Normal Negative 73 3.9 





s >0.1 mVin > 2 electrocardiographic leads during exercise tolerance test were rated 


To determine coronary blood flow, a 7Fr multipur- 
pose catheter (Cordis Corporation, Miami, Florida) 
was placed in the coronary sinus and in the descending 
abdominal aorta for simultaneous withdrawal of coro- 
nary venous and arterial blood samples. Then, a 7Fr 
Judkins-type coronary diagnostic catheter was intro- 
duced into the left main coronary artery after adminis- 
tration of 2,500 U of heparin. 

Coronary blood flow was measured quantitatively 
by the gaschromatographic argon method, which was 
previously described in detail.!2!3 The main purpose of 
this method is the gaschromatographic determination 
of the argon concentration of blood samples taken si- 
multaneously from the coronary sinus and the descend- 
ing aorta while the patient is breathing an oxygen-ar- 
gon mixture (21% oxygen, 79% argon). The alteration 
in tissue argon concentration is determined as the 
change in coronary sinus argon concentration assuming 
a tissue blood partition coefficient of 1.1. Oxygen is re- 
moved from the blood samples by addition of sodium 
dithionite because chromatographic separation of argon 
and oxygen is practically impossible for technical rea- 
sons. Coronary resistance was calculated as the quo- 
tient of mean aortic pressure and coronary blood flow. 
Aortic pressure was measured with the multipurpose 
catheter in the descending aorta. Mean aortic pressure 


ENDOTHELIAL DYSFUNCTION AND ANGINA PECTORIS 997 






| 


Meets 


TC PANT, EES EES 


was determined electromagnetically. Heart rate was 
determined from strips of the electrocardiogram. 

After having completed determination of coronary 
blood flow at rest, intracoronary acetylcholine infusion 
(1074 mol/liter) was begun at a rate of 1.5 ml/min. 
The aim was a final concentration of 1076 mol /liter of 
acetylcholine in the left coronary artery. The coronary 
blood concentration of acetylcholine was estimated as- 
suming that coronary blood flow in the left coronary 
artery was 100 ml/min. Dose-response curves have 
shown (Figure 1) that flow response is maximal at a 
dose of 1074 mol/liter of acetylcholine in the syringe. 
Ninety seconds after the beginning of the acetylcholine 
infusion, oxygen saturation was measured in the coro- 
nary sinus. In the third minute, measurements of coro- 
nary blood flow were begun. After about 10 minutes of 
acetylcholine infusion, when the process of coronary 
blood flow measurement had been finished, the oxygen 
saturation was again measured in the coronary sinus 
and acetylcholine infusion terminated. During each in- 
fusion heart rate, systemic arterial pressure and electro- 
cardiograms (leads I, II, III, aVR, aVL, aVF, V, and 
V6) were monitored continuously. At the end of the 
acetylcholine infusion, angiography of the left coronary 
artery was performed to exclude constriction of the epi- 
cardial conductance vessels. 

When the coronary sinus oxygen concentration had 
reached pre-study levels 10 minutes after cessation of 
acetylcholine infusion, dipyridamole, 0.5 mg/kg body 
weight was administered intravenously over 5 minutes 
to accomplish maximal coronary vasodilation. Then, 
coronary blood flow was again determined. Heart rate, 
electrocardiogram and aortic pressure were monitored 
continuously. 

Statistical analysis: Values are expressed as mean 
+ standard deviation. Statistical evaluations were per- 
formed by using the Student’s z test for unpaired data. 
To obtain an objective measure of the correlation be- 
tween coronary blood flow with acetylcholine infusion 
and after dipyridamole administration, r2 by means of a 


Coronary 
blood flow 
(mi / min x 100g) 


Control 





linear regression fit was calculated.!4 The numerous 
values of r? (0 <r? <1) indicates up to which degree 
one item is determined by another. 


RESULTS 

Dipyridamole administration: Intravenous adminis- 
tration of dipyridamole in a dose of 0.5 mg/kg body 
weight over 5 minutes resulted in a moderate increase 
in heart rate, from 72 8 to 89 13 beats/min, and a 
slight decrease in mean aortic pressure (from 104 + 15 
to 98 + 18 mm Hg). Coronary blood flow increased 
from 84 + 22 to 214 + 89 ml/min - 100 g, coronary 
vascular resistance decreased from 1.31 + 0.34 to 0.53 
+ 0,22 mm Hg » min - 100 g/ml. The response to 
dipyridamole showed a great variability. Coronary 
blood flow after dipyridamole ranged from 145 to 371 
ml/min + 100 g. Accordingly, minimal coronary resis- 
tance ranged from 0.26 to 0.96 mm Hg - min - 100 
g/ml (Table II, Figure 2). 

Intracoronary acetylcholine infusion: In all 23 pa- 
tients, infusion of acetylcholine into the left coronary 
artery in an estimated blood concentration of 1 X 1076 
mol/liter did not significantly alter heart rate and aor- 
tic pressure. Heart rate and mean aortic pressure were 
72 + 8 beats/min and 104 + 14 mm Hg before and 72 
+ 7 beats/min and 101 + 15 mm Hg with intracoro- 
nary acetylcholine infusion. One patient, who had se- 
vere angina pectoris during acetylcholine infusion due 
to complete occlusion of the left coronary artery, had 
an increase in heart rate from 67 to 94 beats/min. The 
response of coronary blood flow to the infusion of 
acetylcholine varied from a marked increase to 315 
ml/min - 100 g, through a moderate increase, to com- 
plete absence of any flow increase (Table II, Figure 2). 
In 3 patients, acetylcholine infusion caused a severe at- 
tack of angina pectoris due to temporary vessel occlu- 
sion indicated by electrocardiographic signs of endocar- 
dial or transmural ischemia that was angiographically 
verified. Discontinuation of acetylcholine infusion and 
application of intracoronary nitroglycerin produced im- 


FIGURE 1. In 6 patients, acetylcholine 
(ACh) infusions into the left coronary ar- 
tery were administered in graded concen- 
trations of 10-6, 10-5 and 10-4 mol/lter, 
and coronary blood flow was quantitative- 
ly measured. These dose-response curves 
showed that coronary blood flow was 
maximal at a dose of 10-4 molliter in the 
syringe. i.c. = intracoronary. 


10” ACh i.c. (Mol / I) 
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77 
77 
72 
63 
70 
78 
72 
96 
75 
62 
70 
75 
64 
74 





Vcor 


110 82 
108 82 
115 73 
100 56 
130 74 
115 80 
110 60 
141 74 
95 72 
105 57 
95 89 
100 130 
80 99 
130 149 
110*+16 84 


Rcor 


1.34 
1.32 
1.58 
1.78 
1.76 
1.44 
1.84 
1.92 
1.3% 
1.85 
1.07 
0.77 
0.81 
0.87 





Dipyridamole Administration 





HR 





95 
100 
65 
98 
70 
105 
90 
90 
90 
93 
80 
85 
62 
109 





Paorta 


100 
103 
105 
110 
130 
115 
100 
130 
85 
95 
92 
3 
62 
130 


Vcor 


247 
395 
163 
198 
215 
307 
105 
123 
128 
127 
177 
287 
197 
356 


TABLE II Patterns of Coronary Hemodynamics with Acetylcholine and After Dipyridamole 
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(+201) 
(+382) 
(+123) 
(+254) 
(+191) 
(+284) 
(+75) 
(+66) 
(+78) 
(+123) 
(+99) 
(+121) 
(+99) 
(+139) 





Rcor 


0.4 
0.26 
0.64 
0.56 
0.6 

0.38 
0.96 
1.05 
0.67 
0.75 
0.52 
0.26 
0.32 
0.37 





Patients With History of Arterial Hypertension 





(—70) 
(—80) 
(—59) 
(—69) 
(—66) 
(—74) 
(—48) 
(—45) 
(—49) 
(—59) 
(52) 
(—66) 
(—60) 
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Patients Without History of Arterial Hypertension 


Intracoronary Acetylcholine Infusion 


HR Paorta 





75 112 
78 106 
65 110 
73 100 
70 135 
Vasospasm 

75 105 
Vasospasm 

19 87 
65 105 
65 105 
70 85 
65 85 
82 130 


216 +91 (+160 + 92) 0.55 + 0.25 (—61 + 10) 726 102 + 16 
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*p <0.05, significantly different from patients 
HR = heart rate (beats/min); Paorta = mean ao 
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mediate dilation of the constricted coronary segments. 
Accordingly, coronary blood flow could not be quanti- 
tatively determined in these 3 patients. In all other pa- 
tients, angiography of the left coronary artery clearly 
excluded vasoconstriction of the epicardial conductance 
arteries. 


CORONARY BLOOD FLOW 
[ml/min x 100g] 
n=23 





Control Acetylcholine 
FIGURE 2. Comparison of coronary blood flow during infusion 
of acetylcholine and dipyridamole. 
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FIGURE 3. No significant correlation was found between the 
response of coronary blood flow to intracoronary acetylcholine 
and to intravenous dipyridamole. 


Classification of dilator responses: No significant 
correlation was found between the responses of coro- 
nary blood flow to intravenous dipyridamole and to in- 
tracoronary acetylcholine (r? = 0.16, Figure 3). Com- 
parison of the response to dipyridamole and acetylcho- 
line on the basis of an increase in coronary blood flow 
amounting to 2 100% of the baseline value revealed the 
following 3 different response patterns (Figures 4 to 6). 
In group I, both dilators elicited marked increases in 
flow, whereas they uniformly failed to evoke a positive 
response in group III. In group II, positive responses 
were obtained selectively during administration of dipy- 
ridamole, but only a small increase in flow was induced 
by acetylcholine. Thus, the patients in group II exhib- 
ited a selective lack of responsiveness to the endotheli- 
um-dependent vasodilator acetylcholine. 

Severity of symptoms of chest pain according to the 
Canadian Cardiovascular Society Classification!5 was 
0.7 + 0.8 in group I and 2.0 + 0.5 and 1.8 + 1.3 in 
groups II and III, respectively. 


DISCUSSION 

In the present study, in patients with angina pectoris 
without marked stenoses in epicardial arteries, we iden- 
tified a subgroup with selective lack of dilator response 
of the coronary resistance vessels to the endothelium- 
dependent vasodilator acetylcholine. 

Because most clinical investigations have studied the 
response of the diameter of epicardial coronary arteries 
to acetylcholine,'®! there is only little information on 
how the small coronary resistance arteries react with 
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FIGURE 4. Comparison of the response to dipyridamole and 
acetylcholine on the basis of an increase in coronary blood 
flow amounting to > 100% of the baseline value. In response 
type I, both intracoronary acetylcholine and intravenous dipy- 
ridamole elicited increases in flow. 
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acetylcholine in coronary artery disease and other heart 
diseases. In clinical studies, coronary microcirculation is 
frequently studied by measuring the increase in coro- 
nary blood flow in response to dipyridamole, which acts 
by both cyclic adenosine monophosphate—mediated re- 
laxation of vascular smooth muscle cells and by inhibi- 
tion of diffusion of adenosine into erythrocytes causing 
an increment in plasma adenosine level.?°7! Thus, en- 
dothelium-related abnormalities cannot be assessed by 
dipyridamole. Accordingly, it is possible that the im- 
paired coronary flow reserve in patients with so-called 
microvascular angina also reflects an abnormality in 
endothelial function besides vascular alterations at the 
arteriolar level. 

If endothelial function is primarily impaired without 
any structural or functional vascular abnormalities, we 
can expect impairment of the acetylcholine response 
and a normal response to dipyridamole. If the primary 
lesion is vascular, neither acetylcholine nor dipyrida- 
mole will be expected to increase coronary blood flow. 
An increase in flow mediated by the vascular action of 
dipyridamole may further lead to flow-dependent liber- 
ation of EDRF as a result of shear stress on the endo- 
thelium. This in turn increases coronary blood flow by 
way of a positive feedback mechanism.** On the other 
hand, the presence of endothelial dysfunction may, in 
turn, contribute to an impaired dipyridamole flow re- 
serve. 
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FIGURE 5. Comparison of the response to dipyridamole and 
acetylcholine on the basis of an increase in coronary blood 
flow amounting to > 100% of the baseline value. In response 
type Il, positive responses were obtained selectively during ad- 
ministration of dipyridamole, but only small increases in flow 
were induced by acetylcholine. Thus, these patients exhibit a 
selective lack of responsiveness to the endothelium-dependent 
vasodilator acetylcholine. 





For quantitative comparison of the flow response to 
acetylcholine and dipyridamole, we selected all patients 
in whom either acetylcholine or dipyridamole was able 
to increase coronary blood flow by >100% of its initial 
value. With use of this clearly arbitrary criterion of 
100% flow increase, 3 typical patterns of response were 
found. In response type I, both acetylcholine and dipy- 
ridamole could at least double coronary blood flow, in- 
dicating that there was no major defect at the level of 
the endothelium or at the vascular level (Figure 4). In 
response type II, an increase in coronary blood flow by 
>100% was seen after dipyridamole but not after ace- 
tylcholine, indicating a diffuse endothelial defect rather 
than a primarily vascular disturbance of vasodilator ca- 
pacity (Figure 5). In response type III, neither acetyl- 
choline nor dipyridamole was able to increase coronary 
blood flow by >100%, indicating that the site of the 
defect was primarily vascular (Figure 6). Thus, in 14 of 
20 patients (response types II and III), there was no 
significant increase in coronary blood flow with acetyl- 
choline infusion, i.e., the increase was <100% of the 
baseline value. This clearly impaired response to acetyl- 
choline may reflect a diffuse abnormality of endothelial 
function at the level of the small coronary resistance 
arteries independent of any concomitant microvascular 
alteration shown by an inadequate flow response to di- 
pyridamole. 

According to the Canadian Cardiovascular Society 
Classification,'!> symptoms of chest pain were less in 
those patients with an apparent normal vasodilator re- 
serve (response type I) than in patients with response 
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FIGURE 6. Comparison of the response to dipyridamole and 
acetylcholine on the basis of an increase in coronary blood 
flow amounting to > 100% of the baseline value. In this group, 
both intracoronary acetylcholine and intravenous dipyridamole 
uniformly failed to evoke a positive response. This indicates 
that the site of defect was primarily vascular. 
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types II and III. Because both of these groups did not 
differ in respect to symptoms, the impairment in vaso- 
dilator reserve seems to be responsible for symptoms of 
chest pain, whether or not an endothelial disturbance is 
present. 

Most patients studied (14 of 23) had a history of 
arterial hypertension. Recently, a loss of endothelium- 
dependent relaxation has been documented in the large 
arteries in several models of experimental hypertension 
such as genetic spontaneous hypertension, aortic coarc- 
tation, mineralocorticoid-induced hypertension and the 
hypertensive salt-sensitive Dahl rat.2324 Tesfamariam 
and Halpern?’ showed that the increase in flow in the 
mesenterial bed after acetylcholine is diminished com- 
pared with normotensive control animals. Thus, at least 
in hypertensive patients, diminished coronary flow re- 
sponse with acetylcholine may be the expression of a 
generalized hypertension-related disorder of endothelial 
function. This hypothesis is supported by the observa- 
tion that the impairment of vasodilator reserve affects 
not only the coronary circulation but also the peripheral 
vascular bed.*° Recently, in 2 studies, an impaired va- 
sodilator reserve of the peripheral vessels has been re- 
ported in hypertensive patients.!!! Because the flow 
response with acetylcholine did not differ between hy- 
pertensive and normotensive patients, the observed ab- 
normality was not related to preexisting arterial hyper- 
tension. 

In 3 patients who developed severe attacks of angina 
pectoris and marked signs of myocardial ischemia in 
the electrocardiogram with acetylcholine infusion, coro- 
nary blood flow measurements could not be accom- 
plished. Immediate coronary angiography showed a 
complete occlusion of the left coronary artery. Since 
acetylcholine infusion has been reported to be a sensi- 
tive test for identifying patients with vasospastic angina, 
it is most likely that coronary spasms were the underly- 
ing cause of angina pectoris in these patients.2” A prob- 
lem in studies related to acetylcholine is its very short 
duration of action, only | minute. Consequently, in or- 
der to measure coronary blood flow and resistance un- 
der steady-state conditions, we used continuous intra- 
coronary infusion of acetylcholine rather than bolus in- 
jections. Acetylcholine causes both vasoconstriction due 
to direct smooth muscle contraction and vasodilatation 
due to EDRF release. Consequently, the balance of its 
effects on the smooth muscle and the endothelium de- 
cides whether vasoconstriction or vasodilatation is the 
net result. A disadvantage of the argon washout meth- 
od is the long time of 15 to 20 minutes required for 
each run of measurement of coronary blood flow, 
which does not permit administration of acetylcholine 
in graded concentrations in patients. We and other in- 
vestigators!®.!*.28 found a maximal flow and maximal 


vasodilation at a concentration in the syringe of 1074 
mol/liter (Figure 1). Therefore we chose the dose of 
1074 mol/liter of acetylcholine which, assuming a coro- 
nary blood flow of 100 ml/min, results in a local con- 
centration of 1076 mol/liter in the left coronary artery. 
With this dose, angiography of the left coronary artery 
after termination of coronary blood flow measurement 
excluded vasoconstriction in 20 of 23 patients. Dipyrid- 
amole was used in the present study to accomplish 
maximal vasodilator capacity. Approximately 10% of 
all patients do not achieve maximal coronary blood 
flow when 0.5 mg/kg body weight is administered in- 
travenously, as was the case in the present study.?° 
However, administration of dipyridamole in a dose of 
0.75 mg/kg body weight intravenously frequently cre- 
ates major undesired side effects such as hypotension, 
tachycardia and nausea. 


Acknowledgment: We thank Ulrike Ristow and 
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Usefulness of Oral Nisoldipine for 
Stable Angina Pectoris 


William H. Frishman, MD, and Mark Heiman, MD, for the Nisoldipine 
Multicenter Angina Study Group 





The duration and extent of antianginal effects of 
nisoldipine, a dihydropyridine calcium antago- 
nist, were assessed in 178 patients with chronic 
stable angina pectoris. Using a placebo run-in, 
placebo-coatrolled, randomized, parallel study 
design, patents received placebo twice daily for 
2 to 3 weeks and were then randomized to re- 
ceive either placebo (n = 42), nisoldipine 10 mg 
once daily {n = 44), nisoldipine 10 mg twice daily 
(n = 47) or nisoldipine 20 mg once daily (n = 45) 
for 5 weeks. Frequency of angina and nitroglyc- 
erin consumption were assessed by weekly pa- 
tient diaries. Exercise tolerance time was as- 
sessed at baseline and at weeks 1, 3 and 5 in the 
double-blind phase. Peak effects after 5 weeks 
of double-blind medication showed significant or 
nearly sign#ficant improvements with nisoldipine 
over placebo in time-to-termination of exercise, 
time to onset of angina, and time to onset of 1 
mm ST-segment depression. There were no sig- 
nificant improvements in trough effects with ni- 
soldipine. Also, placebo was not significantly dif- 
ferent from nisoldipine in either the number of 
anginal attecks or nitroglycerin consumed. 

Although significantly more drug-related, ad- 
verse effects were observed with the nisoldipine 
regimen, 2@ mg once daily, compared with pla- 
cebo, nisoldipine appears to be an effective and 
well-tolerated antianginal drug. However, its du- 
ration of antianginal action, as measured by ex- 
ercise stress testing, is relatively short. The drug 
needs to be examined using shorter dosing inter- 
vals and higher daily doses, or in a longer-acting 
sustained-release formulation. 

(Am J Cardiol 1991;68:1004-1009) 
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alcium antagonists are a diverse group of 
{ agents, widely used for the treatment of angina 

pectoris.! Their complex mechanism of action 
includes the ability to lower oxygen demand at rest and 
during exercise through reductions in blood pressure, 
heart rate and contractility. These drugs are also potent 
coronary artery dilators, and may improve collateral 
flow and prevent coronary artery spasm. 

Nisoldipine is available as an oral dihydropyridine 
calcium antagonist, similar to nifedipine (Figure 1). In 
comparison, it produces equivalent reductions in periph- 
eral vascular resistance, but less myocardial depressant 
effects.*4 Nisoldipine has a higher affinity to inactivat- 
ed calcium channels, a slower dissociation, and a larger 
partition coefficient, which should result in a longer du- 
ration of action than nifedipine.* Nisoldipine has been 
shown to be effective and well-tolerated in treating pa- 
tients with angina%5-1° and hypertension.2!!:!2 The ap- 
propriate dose and dose interval for patients with angi- 
na pectoris have not been determined. Previous studies 
have suggested a daily dose range from 2.5 to 80 mg in 
1 to 2 divided doses.6-!! 

This placebo-controlled, multicenter study was de- 
signed to compare the efficacy and safety of 3 dose 
regimens of nisoldipine in patients with angina pectoris. 
Treadmill exercise performance was used as the pri- 
mary means of assessing treatment effects. In contrast 
to many previous nisoldipine studies, which assessed 
treadmill performance only at the time of its peak ac- 
tivity,~:!* we also assessed the effects of treatment at the 
end of the dosing interval. 


METHODS 

Patients: The study group consisted of 217 ambula- 
tory patients aged >30 years with a primary diagnosis 
of chronic stable angina for =>2 months before enroll- 
ment. Patients were required to have ischemic coronary 
artery disease manifested by exertional chest pain, pres- 
sure or discomfort, relieved by rest or sublingual nitro- 
glycerin, and a classically positive standard multistage 
exercise treadmill test with typical angina in association 
with horizontal or downsloping ST-segment depression 
=1 mm measured 0.08 second after the J point. 

Patients who had a myocardial infarction within 3 
months were excluded. Patients with the following 
characteristics were also excluded: known significant 
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stenosis of the left main coronary artery; patterns of 

unstable angina; significant valvular or congential heart 
- disease; New York Heart Association class III or IV 
~ congestive heart failure; significant peripheral vascular 
or cerebrovascular disease; standing systolic blood pres- 
sure <90 mm Hg or resting heart rate >100 beats/ 
min; need for concomitant therapy with antiarrhythmic 
agents (including digitalis); need for concomitant thera- 
py with other antianginal medication aside from sublin- 
gual nitroglycerin; other cardioactive medications, vaso- 
dilators or psychotropic agents; resting electrocardio- 
graphic abnormality interfering with the interpretation 
of ST-segment changes during exercise testing (includ- 
ing ST-segment depression 20.5 mm or left bundle 
branch block); serious concurrent illness (including se- 
vere renal, hepatic, pulmonary, infectious, oncologic, 
psychiatric or hematologic); serum creatinine >2.0 
mg/dl, hemoglobin <11.0 g/dl, bilirubin >1.8 mg/dl, 
serum glutamic oxaloacetic transaminase >2 times the 
upper limit of normal, elevated creatinine phosphoki- 
nase (MB fraction) within 3 months; alcohol or drug 
abuse; allergy to dihydropyridines or calcium antago- 
nist agents; and women of childbearing potential. Pa- 
tients unable to undergo repeated exercise testing were 
also excluded. 


FIGURE 1. Chemical structures of nisoldipine and nifedipine. 





Patients were enrolled at 20 centers throughout the 
United States and Canada and signed an approved in- 
formed consent form. 

Study design (Figure 2): Qualifying patients were 
enrolled in this multicenter double-blind, parallel, ran- 
domized trial. Antianginal medications other than 0.4 
mg sublingual nitroglycerin were withdrawn 23 days 
before entry. 

The study protocol consisted of a qualification 
phase, during which time patients were considered for 
study inclusion by use of criteria previously described. 
This was followed by a 2- to 3-week single-blind place- 
bo baseline phase. Patients received placebo tablets 
(identical in appearance to subsequent study medica- 
tion) to be taken twice daily. Patients were required to 
undergo 2 consecutive exercise tests with onset of angi- 
na and exercise time within 25% of each other, and 
terminated by moderate angina in <10 minutes from 
the onset of exercise. Any patients with >35 anginal 
episodes in a given week were terminated from the 
study. 

Patients meeting the specified criteria were random- 
ized and entered into the double-blind treatment phase. 
Randomization was maintained by having the sponsor 
(Miles Laboratories, New Haven, Connecticut) code 
and prepackage the tablets before shipment to the in- 
vestigators. Patients were randomized to | of 4 oral 
treatment groups: placebo, nisoldipine 10 mg once dai- 
ly, nisoldipine 10 mg twice daily, nisoldipine 20 mg 
once daily. Patients randomized to nisoldipine 20 mg 
once daily took nisoldipine 10 mg once daily for the 
first week of the double-blind phase, and 20 mg once 
daily for the remaining 4 weeks. Patients taking medi- 
cine once daily took active medication in the morning 
and placebo in the evening. 

Methods of observation: All patients kept a detailed 
daily diary of anginal episodes and sublingual nitroglyc- 
erin used to abort attacks. Diaries were analyzed at 








Nisoldipine 10mg once daily 
Nisoldipine 10mg twice daily 


Nisoldipine 20mg once daily 


| 2 - 3 Weeks | 5 Weeks | 


Active Treatment 

















Single-Blind Double-Blind 
Stress Tests Stress Tests aT 
Two treadmill Week 1, Week 3, Week 5 ” ae 
Stress Tests at 2-3 hours se PAY Ft 
12 hours after and at end of dose interval 7 
placebo (12 or 24 hours) > 7 


- k aN a 
i 


FIGURE 2. Study protocol. F CENTRAL 
NISOLDIPINE FOR STABLE ANGINA PECTORIS 4005 “7, 


each visit and used to determine weekly episodes of an- 
gina and sublingual nitroglycerin consumption. 

At stucy entry, all patients underwent a complete 
history anc physical examination. A laboratory evalua- 
tion including complete blood count with differential 
and platelet counts, biochemical screen (protein, albu- 
min, calcium, phosphate, cholesterol, uric acid, sodi- 
um, potassium, chloride, carbon dioxide, serum glutam- 
ic Oxaloacetic transaminase, creatinine phosphokinase, 
lactate dehydrogenase, alkaline phosphatase, and biliru- 


TABLE I Patients Withdrawn from Protocol 


Number of patients withdrawn during single-blind phase (total 39) 
30 did not qualify for double-blind phase 
10—ne 1 mm ST-segment depression on qualifying exercise toler- 
ance tests 
8—no angina on qualifying exercise tolerance tests 
5—total exercise time > 10 minutes on qualifying exercise toler- 
ance tests 
4—time to angina and/or termination not within 25% on qualify- 
ing exercise tolerance tests 
1—elevated creatinine phosphokinase-MB band 
1—cauld not be weaned off concomitant cardiac medications 
1— >0.5 mm ST-segment depression on resting electrocardio- 
gram 
5—adverse experience 
2—-protecol violation 
1—ost to follow up 
1—other 
Number of patients withdrawn during double-blind phase (total 23) 
16—adverse experience 
4—-protecol violation 
3—therapeutic failure 


TABLE II General Demographics (all valid patients) 









Nis Nis Nis 
Placebo l10mgQD 10mgBID 20mgQD p 
(n= 32) (n=36) (n=38) (n=37) Value* 












Sex M/F 27/5 31/5 27/10 35/3 


















Age (mean yrs) 66 65 63 67 

SEM Tal cs 1.2 Lal ANOVA 

Range 49-80 36-78 45-76 54-79 0.06 
Weight (mean 171 185 176 179 

Ibs) 

SEM 5:3 4.8 53 5:1 ANOVA 

Range 106-255 115-251 132-295 113-254 0.27 
Height (mean 67 68 67 69 

inches) y 

SEM 0.6 0.7 0.5 0.4 ANOVA 

Range 62—76 56-77 61-75 62-73 0.43 
Duration of angina (yrs) 

Mean 7 6 4 6 

SEM 12 0.9 0.6 0.7 ANOVA 

Range 0.5-28 0.3-20 03-15 #£0.2-17 0.10 
Average anginal episodes per week 

Mean 4 5 4 5 

SEM 0.7 1.0 0.8 0.9 ANOVA 

Range 0-14 0-25 0-25 0-20 0.47 
Previous cardiac medications 

No 3 4 2 2 

Yes 29 32 





*Fisher’s exact test probabilities (nominally 2-sided), unless otherwise indicated. 
Tests for equal proportions (or means) across dose groups. 

ANOVA = analysis of variance; BID = twice daily; Nis = nisoldipine; QD = once 
daily; SEM = standard error of the mean. 
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bin), chest roentgenogram, electrocardiogram and rou- 
tine urinalysis were performed. These procedures were 
repeated at the termination of the study. 

Patients were evaluated at weekly visits during the 
single-blind placebo phase and the first 3 weeks of the 
double-blind phase. Patients were seen at 2-week inter- 
vals thereafter. At each visit, patients underwent a brief 
physical examination. Data on adverse experiences 
were compiled from patient self-reporting (without a 
questionnaire) and from direct observations of the in- 
vestigators. Adverse experiences were evaluated by the 
investigators for clinical significance and for relation to 
drug administration. 

Exercise testing: Multistage treadmill exercise test- 
ing was performed according to a modification of the 
Bruce protocol (beginning with stage 2, 1.7 mph, 5% 
grade). Blood pressure was measured every 3 minutes 
during exercise, at the time of 1 mm ST depression, at 
onset of angina, at exercise termination, and every 2 
minutes during recovery. Twelve-lead electrocardio- 
grams were obtained every minute during exercise and 
recovery, at the onset of angina and at exercise termi- 
nation. 

During the single-blind phase, each patient under- 
went weekly exercise testing 10 to 12 hours after receiv- 
ing the last dose of placebo. All patients were required 
to exercise until the onset of moderate angina, at which 
time the test was terminated. This end point was re- 
quired to occur within the first 10 minutes of exercise 
on each exercise test. In addition, all exercise tests were 
required to demonstrate =1 mm horizontal or down- 
sloping ST-segment depression measured 0.08 second 
after the J point. During the exercise test, the times to 
onset of angina, 1 mm ST-segment depression and total 


exercise time were recorded. The final exercise test dur- ~ 


ing the single-blind phase was used as the baseline for 
purposes of comparison. 

During the 5-week double-blind phase, all patients 
underwent exercise treadmill testing after weeks 1, 3 
and 5, both at trough (10 to 12 hours after the previous 
evening’s dose) and at peak (2 to 3 hours after the 
morning dose of study medication). Exercise was termi- 
nated because of moderate angina, dyspnea or fatigue. 
If angina or | mm ST-segment depression did not oc- 
cur, total exercise time was substituted in its stead. 

Statistical method: Data are described as mean + 
standard error of the mean. Continuous response vari- 
ables were analyzed using analysis of covariance. Drug- 
to-placebo comparisons were obtained using the least- 
squares means or Fisher’s exact test (for discrete re- 


sponse variables). These tests were |-sided, examining 


benefit of drug over placebo. A p value <0.05 was cho- 
sen as the level of statistical significance. 
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RESULTS 

The study included 217 patients; 178 were random- 
ized to 1 of 4 oral treatment groups (placebo, 42; nisol- 
dipine 10 mg once daily, 44; nisoldipine 10 mg twice 
daily, 47; nisoldipine 20 mg once daily, 45). Twenty- 
three additional patients were discontinued during the 
double-blind phase (Table I). Subsequently, 35 addi- 
tional patients were deemed invalid for efficacy analysis 
(10, 8, 9 and 8, respectively), generally because of non- 
qualifying exercise tests. Demographic data for all valid 
patients are listed in Table II. There was a near-sig- 
nificant difference in age between treatment groups 
(p = 0.06). Treatment groups were otherwise com- 
parable. 

Baseline exercise parameters (time to onset of angi- 
na, time to 1 mm ST depression, and total exercise 
time) for each of the 4 treatment groups are listed in 
Table III. As noted, there were significant differences 
between the groups. 

Results pertaining to the exercise parameters listed 
previously after 5 weeks of treatment are shown in Ta- 
ble IV and Figure 3. There were significant differences 
in change from baseline, at peak, in time to onset of 
angina for nisoldipine 10 mg once daily and 10 mg 
twice daily versus placebo. There was a trend in favor 
of nisoldipine 20 mg once daily. There was no signifi- 
cant improvement for any treatment group compared 
with placebo at trough. 

The nisoldipine 10 and 20 mg once-daily groups 
showed significant improvement versus placebo at peak, 
in time to onset of 1 mm ST-segment depression com- 
pared with baseline. A similar trend in the nisoldipine 
10 mg twice daily group was noted. No significant im- 
provement was noted at trough when comparing treat- 
ment with placebo. 

Although there were trends in favor of nisoldipine 
10 mg once and twice daily vs placebo, at peak, in total 
exercise time they did not reach statistical significance. 
The nisoldipine 20 mg once-daily group had no advan- 
tage over placebo in this regard. Again, at trough, there 
was no advantage when comparing any treatment 
group with placebo. Results after 1 and 3 weeks of dou- 
ble-blind treatment were similar. 

There was no significant benefit noted for any treat- 
ment group versus placebo in the change from baseline 
for either the average number of angina attacks per 
week or the average number of nitroglycerin tablets 
consumed (during the last week of therapy). However, 
significantly more patients taking nisoldipine 20 mg 
once daily versus placebo had a 250% reduction in an- 
gina episodes. The difference was nearly significant for 
- nisoldipine 10 mg once daily. No benefit was noted for 
nisoldipine 10 mg twice daily. None of the treatment 


TABLE Iil Treadmill Test Results at Baseline (all patients valid 
for efficacy) 


Nisoldipine Nisoldipine Nisoldipine 
Placebo (l0mgQD) (10mgBID) (20mg QD) 
(n = 32) (n= 36) (n = 38) (n = 37) p Value* 


Total Time on Treadmill (seconds) 


Mean 430 482 391 464 
SEM 21 21 21 20 0.0097t 


Time to Angina (seconds) 


Mean 313 378 265 346 
SEM 21 21 20 21 0.0011t 


Time to 1 mm ST Depression (seconds) 


Mean 313 381 270 350 
SEM 24 23 20 22 0.0039t 


*Fisher’s exact test probabilities (nominally 2-sided), unless otherwise indicated. 
Tests for equal proportions (or means) across dose groups. 

tindicates an individual p value in the range 0.0000 <p <= 0.0500 (significant). 

Abbreviations as in table |. 


TABLE IV Exercise Treadmill Test End Points at Study 
Completion (change from baseline [seconds]) 


Nisoldipine Nisoldipine Nisoldipine 
Placebo (10mgQD) (1l0mgBID) (20mgQD) 
End Point (n= 32) (n= 36) (n = 38) (n = 37) 


Time to Onset of Angina 


Peak 
No. of pts. 30 35 
Mean(SEM) 72+ 27 144+ 19 
Comparison to — p = 0.02* 
placebo 
Trough 
No. of pts. 30 36 
Mean (SEM) 69219 80 + 17 
Comparison to — p = 0.54 
placebo 


Time to 1 mm ST-Segment Depression 


Peak 
No. of pts. 35 
Mean (SEM) 110 + 21 
Comparison to — p = 0.07 
placebo 
Trough 
No. of pts. 30 36 
Mean (SEM) 70+ 21 72+ 14 
Comparison to — p = 0.60 
placebo 


Total Exercise Time 


Peak 
No. of pts. 30 
Mean (SEM) 61+ 18 
Comparison to — 
placebo 
Trough 
No. of pts. 30 
Mean (SEM) 59 + 16 
Comparison to — 
placebo 


*Denotes p < 0.05. 
Abbreviations as in Table II. 
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No. of patients 

No. of patients with no AE 

No. of patients > 1 AE 

No. of patients withdrawn 
owing to AE 


Headache 

Flushing 

Dizziness/ligh=headedness/ 
vertigo 

Edema 

Weakness/fatague 

Palpitations/t2=art pounding / 
rapid heart deat /tachycardia/ 
irregular heart beat 

Muscle aches, pains/cramps 

Epigastric disturbance/stomach 
pain/gastric discomfort /gas- 
tric acid/inaigestion 

Chest pain/discomfort /cramp 

Angina/chest dain 

Visual disturbence/blurred 
vision/burn ing eyes 

Rash 

Diarrhea 

Nausea 

Hearing loss/Mrobbing in ears 

Tremor/shakiress 

Sleep disturbance /insomnia 

Constipation 

Syncope 

Atrial fibrillation 

Atrial flutter 

Myocardial infarction 

Other 


Total AEs 


*Some patientshad > 1 adverse experience. 
AE = adverse‘experience; other abbreviations as in Table Il. 


Ø Placebo 

E NIS 10mg qD 
O NIS 10mg BID 
M NIS 20mg qD 


+ p <.05 
+.05 < p <.10 
(versus placebo) 


— 
ui 
oO 


+ 
* | * 
+ 
+ 


Yı 
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CHANGE FROM BASELINE (seconds) 
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Peak Trough 


TOTAL EXERCISE 
TIME 


Peak Trough 
TIME TO 


eak Trough 
TIME TO 

ONSET OF 
ANGINA 


Imm 
ST DEPRESSION 





FIGURE 3. Treadmill exercise end point results at study com- 
pletion. The change from baseline in time to onset of angina, 

time to 1 mm ST-segment depression, and total exercise time 
at peak and a trough were determined for each of the 4 treat- 


ment groups. 


groups demonstrated a significant increase in the num- 
ber of patients with 250% reduction in nitroglycerin 
consumption. , 

Safety: All 178 patients entering the double-blind 
phase were used for safety analysis. Table V summa- 
rizes the adverse experiences reported during the dou- 
ble-blind phase. No significant differences in the num- 
ber of patients reporting adverse experiences were noted 
between treatment groups. Adverse experiences were 
noted in 15 of 42 patients taking placebo, 18 of 44 giv- 
en nisoldipine 10 mg once daily, 18 of 47 given nisoldi- 
pine 10 mg twice daily, and 24 of 45 patients taking 
nisoldipine 20 mg once daily. The majority of adverse 
experiences were minor; the most frequently reported 
were headache, dizziness, flushing and weakness / 
fatigue. 

Sixteen patients were withdrawn from the study be- 
cause of adverse experiences: 3 taking placebo; 4 taking 
nisoldipine 10 mg once daily, 2 taking nisoldipine 10 
mg twice daily and 7 taking nisoldipine 20 mg once 
daily. One patient taking nisoldipine 20 mg once daily 
had a myocardial infarction. A higher percentage of 
adverse experiences in the nisoldipine 20 mg once-daily 
group vs placebo were considered to be drug-related. 


DISCUSSION 

Calcium antagonists have gained wide acceptance 
for the treatment of patients with stable and unstable 
angina pectoris when used alone or in combination with 
other antianginal therapies.'* Nisoldipine, a dihydro- 
pyridine calcium antagonist, is structurally similar to 
nifedipine, and has been demonstrated to have pro- 
longed antihypertensive and coronary vasodilator activi- 
ty in animal studies.”:!3:'4 The drug has been shown to 
be effective when used once or twice daily for the treat- 
ment of hypertension.*!':!? It has also been suggested 
by some investigators to be useful in 1 or 2 daily divid- 
ed doses for the treatment of patients with chronic sta- 
ble angina.**-!° However, in evaluating the effects of 
nisoldipine therapy, most studies have measured tread- 
mill exercise performance 2 to 3 hours after drug ad- 
ministration, which is the time of the drug’s peak activi- 
ty.769:10 One study that assessed treadmill time 8 
hours after administration, found continued improve- 
ment only with the 20 mg nisoldipine dose.’ 

This study was designed to assess the most frequent- 
ly used doses of nisoldipine (10 mg once and twice dai- 
ly, and 20 mg once daily) in patients with angina pecto- 
ris. Treadmill exercise tests were performed at the time 
of nisoldipine’s peak effect (2 to 3 hours after drug ad- 
ministration) but also at the end of the dosing intervals 
(either 12 or 24 hours later, trough). Peak effects after 
5 weeks of double-blind medication showed significant 
or nearly significant improvements of nisoldipine over 
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placebo in time to termination of exercise, time to onset 
of angina, and time to onset of 1 mm ST-segment de- 
pression. However, there were no significant improve- 
ments in trough effects with any nisoldipine treatment 
regimen. 

There were no significant benefits noted with active 
nisoldipine therapy versus placebo in either the number 
of angina attacks per week or the average number of 
sublingual nitroglycerin ingested. However, significant- 
ly more patients taking nisoldipine 20 mg once daily 
demonstrated a 50% reduction in angina episodes com- 
pared with placebo. 

Although the numbers of reported adverse reactions 
appeared similar with placebo and nisoldipine treat- 
ments, a higher percentage of complaints were consid- 
ered drug-related with the single 20 mg nisoldipine dose 
compared with placebo. Headache was the most fre- 
quent complaint in all treatment groups, and dizziness 
was also often reported. 

Overall, this study and others have shown nisoldi- 
pine to be an effective and safe antianginal drug. The 
drug appears to reduce myocardial oxygen demands 
(predominantly blood pressure), while augmenting 
myocardial blood supply.” However, with use of the 
treatment regimens evaluated in this study, the drug 
did not demonstrate any benefit from placebo at the 
end of the dosing intervals with regard to treadmill ex- 
ercise performance. After acute therapy, nisoldipine 
will need to be examined using larger daily doses or 
shorter dosing intervals (dosing 3 and 4 times daily), or 
both. Larger daily doses may be associated with more 
adverse effects, but this may not be a problem if the 
daily dose is divided. The drug is currently being exam- 
ined by our group and others in a long-acting, sus- 
tained-release formulation, which may allow for twice- 
daily dosing in patients with angina pectoris. 
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APPENDIX 

Nisoldipine Multicenter Angina Study Group: John 
W. Allen, MD, Hospital of Good Samaritan, Los Ange- 
les, California; Michael J. Mirro, MD, Ft. Wayne Car- 
diology Inc., Fort Wayne, Indiana; Paul W. Boyles, MD, 
Triangle Medical Diagnosis & Therapy Inc., Cary, 
North Carolina; John O. Parker, MD, Queens Universi- 
ty, Kingston, Ontario; Milan Brandon, MD, Allergy 
Medical Group of San Diego, San Diego, California; E. 
Alan Paulk Jr., MD, Atlanta, Georgia; Warren M. 
Breisblatt, MD, U.S.A.F. Medical Center, Lackland, 
Texas; Peter E. Pool, MD, North County Cardiovascu- 
lar, Medical Group Inc., Encinitas, California; Bernard 
Chaitman, MD, St. Louis University Medical Center, 
St. Louis, Missouri; Bozman Reeves Jr., MD, Charles- 
ton Cardiology Association, Charles, South Carolina; D. 
Angus Duncan, MD, Portland, Oregon; Herschel Rich- 
ter, MD, Phoenix V.A. Medical Center, Phoenix, Arizo- 
na; Thomas W. Eades, MD, Cardiovascular Associates, 
San Antonio, Texas; Rafael Sequeira, MD, Jackson Me- 
morial Hospital, Miami, Florida; William Frishman, 
MD, Albert Einstein College of Medicine, Bronx, New 
York; Arvindkumar Shah, MD, V.A. Medical Center, 
Cleveland, Ohio; Thomas D. Giles, MD, Tulane Medi- 
cal School, New Orleans, Louisiana; William Shapiro, 
MD, Dallas V.A. Medical Center, Dallas, Texas; Mitch- 
ell Greenspan, MD, Buxmont Cardiology Associates, 
Sellersville, Pennsylvania; Leon Stein, MD, Richard L. 
Roudebush V.A. Medical Center, Indianapolis, Indiana; 
W.P. Klinke, MD, Royal Alexandra Hospital, Edmon- 
ton, Alberta; Stephen Zellner, MD, Clinical Physiology 
Association, Inc., Ft. Myers, Florida; Leonardo Lopez, 
MD, Clinical Therapeutics Corporation Inc., Coral Ga- 
bles, Florida. 
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Alcohol Intake and Nonfatal Acute Myocardial 
Infarction in Japan 


Suminori Kono, MD, Koichi Handa, MD, Tomoki Kawano, MD, Tadayuki Hiroki, MD, 
Yasushi Ishihara, MD, and Kikuo Arakawa, MD 





The relation between alcohol and nonfatal acute 
myocardial infarction (AMI) was examined in a 
case-control study of 89 male patients and 271 
control subjects in Fukuoka, Japan. Patients ad- 
mitted for the first AMI at 2 hospitals in Fukuo- 
ka City were aged 40 to 69 years, and control 
subjects were recruited based on the telephone 
directory of the city. Information on alcohol 
drinking and potential coronary risk factors was 
obtained by using a self-administered question- 
naire, and past drinkers were separated from 
lifelong abstainers in the analysis. After adjust- 
ment for age, occupation, cigarette smoking, 
strenuous exercise, body mass index, hyperten- 
sion, diabetes mellitus and parental heart dis- 
ease, the risk of AMI was progressively less with 
increasing levels of alcohol consumption. With 
those who never drank as a referent, adjusted 
odds ratios for current drinkers consuming <30, 
30 to 59, and 260 ni\/day of alcohol were 1.11 
(95% confidence interval 0.51 to 2.42), 0.31 
(0.11 to 0.83), and 0.13 (0.05 to 0.36), respec- 
tively. These findings add to the body of data 
showing that alcohol drinkers are less likely to 
have AMI. 

(Am J Cardiol 1991;68:1011-1014) 


From the Department of Public Health, National Defense Medical 
College, Tokorozawa; the Second Department of Internal Medicine, 
Fukuoka University School of Medicine, Fukuoka; and Ishihara Hospi- 
tal for Cardiovascular Diseases, Fukuoka, Japan. Manuscript received 
April 23, 1991; revised manuscript received June 10, 1991, and accept- 
ed June 11. 

Address for reprints: Suminori Kono, MD, Department of Public 
Health, National Defense Medical College, Tokorozawa, Saitama 359, 
Japan. 


any case-control and prospective studies 
M have reported that moderate alcohol con- 
sumption is associated with a decreased risk 
of coronary artery disease,!~'* and consistent findings 
have also been obtained in studies of patients undergo- 
ing coronary angiography.!>-!’ Yet evidence remains 
inconclusive as to whether alcohol has a protective ef- 
fect against coronary artery disease. Whereas several 
studies have shown a continuous decrease in the risk of 
coronary artery disease with increasing levels of alcohol 
consumption,’~!! others have suggested a U-shaped re- 
lation between alcohol intake and coronary artery dis- 
ease.!>!3 A recent prospective study observed a reduced 
risk of coronary artery disease among light drinkers but 
argued that the risk reduction could be ascribed to fa- 
vorable characteristics of light drinkers with respect to 
coronary risk factors.!® 
Few studies have examined the relation between al- 
cohol and coronary artery disease in Japan,'*!’ and we 
performed a case-control study on alcohol intake and 
nonfatal acute myocardial infarction (AMI) in Japa- 
nese men. 





METHODS 

Subjects: The study consisted of patients who were 
admitted between November 1988 and October 1990 
for the first AMI at Fukuoka University Hospital and 
an affiliated hospital in Fukuoka City. Criteria for eli- 
gibility were those aged 40 to 69 years who lived in 
Fukuoka City, who were within 6 months after the on- 
set of AMI, who were free of other organic heart dis- 
eases, and who survived to receive rehabilitation. In the 
University Hospital, one of the authors (KH) checked 
the admission record of the ward each week and asked 
responsible doctors to distribute and collect a self-ad- 
ministered questionnaire during the admission. In the 
other hospital, a chief nurse was in charge of identify- 
ing cases and handling the questionnaire. There were 
116 cases (89 men and 27 women) who met the eligi- 
bility criteria, and all of them were cooperative in an- 
swering the questionnaire. 

Controls were recruited by using the telephone di- 
rectory of Fukuoka City during the period from Febru- 
ary 1989 to April 1990. A total of 1,068 persons select- 
ed randomly in the directory were approached by mail 
to search for control candidates, who were aged 40 to 
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TABLE I Age-Adjusted Prevalance (%)* of Potential Risk 
Factors according to Alcohol Use in 271 Male Controls 


Current (ml of alcohol/day) 


<30 30-59 >60 
(n = 68) (n= 52) (n = 72) 


Current smoking 
Strenuous exercise 
> once per 
weekt 
Body mass index 
>25 
Systemic hyper- 
tension 
Diabetes mellitus 
Heart disease in 
parent 
Professional or 
administrative 
jobs 
*Adjusted for 3 age groups (40 to 49, 50 to 59 and 60 to 69) by direct method. 


tExercise that induced shortness of breath. 
tPrior diagnosis by physician. 


69 and free of heart disease, in their households. After 
3 mail inquiries with nonrespondents, 364 persons noti- 
fied 298 men and 221 women as potential controls. The 
remaining outcomes were as follows: undelivered mail 
62; no reply 270; no candidate 296; refusal 76. The 
questionnaires were mailed to the potential control sub- 
jects and were returned from 271 men and 205 women. 
Because female patients were few and alcohol drinking 
was uncommon among them, the analysis was per- 
formed only for men. 

Questionnaire: A self-administered questionnaire 
obtained infermation on lifestyles, medical history, 
parental histery of heart disease, height (cm), body 
weight (kg), and current job or the last one with retir- 
ees. Subjects were additionally asked a question regard- 
ing the awareness of heart disease before AMI. 

With regard to alcohol drinking, persons were first 
asked whether they had ever drunk at least once per 
week over a period of | year or longer, and ever-drink- 
ers were then asked whether they currently drank in 
such frequency. Ever-drinkers listed the frequency and 
quantity of 5 different alcoholic beverages (sake, sho- 
chu, beer, whisky/brandy and wine) consumed in the 
past year (or, as with ex-drinkers, during the 1 year 
before abstinence). Those who stopped drinking within 
the past year were regarded as current drinkers in the 
analysis. 

Ever-smokers were defined as those who had 
smoked | or more cigarettes per day over a period of | 
year or longer, and those who quit smoking in the past 
year were classified as current smokers. Questions on 
physical activity asked for weekly frequency of exercise 
that induced shortness of breath, amount of time spent 
per occasion, and type of usual exercise on average in 
the past year. Subjects were also asked whether they 


TABLE II Age-Adjusted Odds Ratios of Acute Myocardial 
Infarction According to Category of Potential Risk Factors 


Risk 
Factor 


Smoking 


Strenuous 
exerciset 


Body mass 
index 


Category 


Never 

Past 

Current <25* 
>25 

None 

Refrained 

<1 hour/week 

> 1 hour/week 

<25.0 

25.0—27.4 

>27.5 


No. of 
Cases/Controls 


Odds Ratio 
(95% Cl) 


1.0 

1.0 (0.4—2.3) 
1.0 (0.5-2.4) 
5.4 (2.4—12.0) 
1.0 

2.1 (1.0—4.4) 
0.7 (0.2-2.1) 
0.6 (0.3—1.4) 
1.0 

1.1 (0.5—2.2) 
1.9 (0.8—4.4) 





Systemic 0 1.0 
hypertensiont + 2.6 (1.6—4.4) 
Diabetes 0 1.0 
mellitust + 4.3 (2.3-7.8) 
Heart disease 0 1.0 
in parent + 2.6 (1.4—4.9) 
Job class Low 1.0 
High§ 1.5 (0.9-2.4) 
*Number of cigarettes smoked per day. 
tExercise that induced shortness of breath. The category of “refrained” included 
men reporting that physical exercise had been discontinued owing to ill health. 
Prior diagnosis by physicians. 
§Professional or administrative jobs. 
Cl = confidence interval; O = absent; + = present. 


currently refrained from physical exercise due to ill 
health. Body mass index (kg/m?) was used as a mea- 
sure of obesity. 

Statistical analysis: Logistic regression analysis was 
used to control for the effects of potential confounding 
factors. Age was classified into 3 groups of decade for 
adjustment. Odds ratio was antilogarithm of regression 
coefficient of an indicator term that corresponded to a 
certain level of independent variable, and 95% confi- 
dence interval of odds ratio was calculated using stan- 
dard error of the regression coefficient. All statistical 
computations were done by using the Statistical Analy- 
sis System.!° 


RESULTS 

Those in the age groups of 40s, 50s and 60s num- 
bered 16, 31 and 42, respectively, and corresponding 
numbers of control subjects were 110, 87 and 74, re- 
spectively. Alcohol use did not differ much among the 
age groups. In control subjects, current drinkers ac- 
counted for 67 to 78% and heavy drinkers (>60 
ml/day of alcohol) accounted for 20 to 30% in the 3 
groups. 

Table I summarizes age-adjusted prevalence of po- 
tential risk factors according to alcohol use in the con- 
trol group. Smoking and hypertension were more prev- 
alent in men with higher alcohol consumption. All of 
the potential risk factors studied were associated with 
AMI to various degrees (Table II). Among the 14 sub- 
jects reporting that they refrained from physical exer- 
cise, 6 did so because of concurrent heart ailments. 
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TABLE Ill Alcohol Use and Risk of Acute Myocardial Infarction 


Odds Ratio (95% Cl) 
Alcohol No. of 


Use Cases/Controls Fully Adjusted* 


Age-Adjusted 


Never 26/65 1.0 1.0 
Past 6/14 0.92 (0.31—2.73) 0.50 (0.14-1.86) 
Current 
<30t 34/68 1.07 (0.57—2.02) 
30-59 12/52 0.61 (0.28-1.36) 0.31 (0.11—0.83) 
>60 11/72 0.39 (0.18—0.87) 0.13 (0.05—0.36) 
*Adjusted for age and the other factors as categorized in Table II. 


tAmount of alcohol consumed (ml/day). 
Cl = confidence interval. 


1.11 (0.51—2.42) 





Table III shows the relation between alcohol intake 
and AMI in terms of age-adjusted odds ratios and 
those adjusted for coronary risk factors. An inverse re- 
lation was more prominent after adjustment for the 
coronary risk factors. Eleven patients had been aware 
of heart disease for 1 year or longer. The analysis ex- 
cluding such men showed essentially the same results as 
those for all patients. 


DISCUSSION 

In this case-control study of Japanese men, the risk 
of AMI was progressively less with increasing amount 
of alcohol consumption. Thus, the present findings lend 
additional evidence to the hypothesis that alcohol drink- 
ing is protective against coronary artery disease. A 
methodologic limitation is that alcohol use and other 
covariates were self-reported. But we have found, in a 
different population, that alcohol intake estimated by a 
similar questionnaire is closely associated with serum 
high-density lipoprotein cholesterol and gamma-gluta- 
myl transferase.2° All of the known coronary risk fac- 
tors studied were related to AMI in expected directions. 

Selection is conceivable in the recruitment of con- 
trols. Men at the higher socioeconomic status were 
more likely to be recruited as the control subjects. Ac- 
cording to the census in 1985, in Fukuoka City, men 
employed at professional or administrative jobs ac- 
counted for 19, 25 and 32% in the age groups of 40s, 
50s and 60s, respectively.2! The corresponding figures 
in the control group were 29, 46 and 52%, respectively. 
We have no comparable data on alcohol consumption 
in the general population of the study area. As suggest- 
ed by the low alcohol intake in men at the high socio- 
economic status, alcohol use may have been underesti- 
mated in the control group. Bias in this direction, how- 
ever, necessarily attenuates the inverse relation between 
alcohol and AMI. 

Past drinkers are usually assumed to be at higher 
risk of coronary artery disease, probably because they 
cease to drink owing to preexisting coronary artery dis- 
ease and other related illness.°-’?!° In the present 
study, past drinkers had a reduced risk of AMI al- 


though it could be a random fluctuation due to small 
number. Only 1 of the 6 patients who were classified as 
past drinkers had given up drinking because of known 
heart disease, and the finding is not surprising because 
past drinkers used to drink as much alcohol as current 
drinkers. In control subjects, mean daily intake of alco- 
hol in past drinkers was 64 ml, and that of current 
drinkers was 52 ml. 

Whether the relation between alcohol and coronary 
artery disease is continuously downward or U-shaped is 
a matter of controversy. The relation may differ in dif- 
ferent manifestations of coronary artery disease. Al- 
though a recent report of the Kaiser-Permanente study 
noted an inverse relation uniformly for all of the 3 cate- 
gories of hospitalized cases (AMI, other acute and 
chronic coronary artery disease),’ the risk reduction as- 
sociated with alcohol use was most prominent for AMI 
in other studies.’*:!2 In these studies, sudden death 
from coronary artery disease showed no association or a 
weak positive association with alcohol intake. Else- 
where, mortality from coronary artery disease other 
than AMI showed an upward tendency at higher levels 
of alcohol consumption where mortality from AMI re- 
mained decreased.*!4 

Hypertension is a strong predictor of coronary ar- 
tery disease and is also related to heavier alcohol drink- 
ing, as confirmed in the present study.** Thus, the in- 
verse relation between alcohol and AMI is apparently 
paradoxical. However, alcohol may reduce the risk of 
AMI by raising serum high-density lipoprotein choles- 
terol levels, by inhibiting thrombogenesis or by alleviat- 
ing psychosocial stress.?? 
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Thrombolytic Therapy in Patients Requiring 
Cardiopulmonary Resuscitation 


Alan N. Tenaglia, MD, Robert M. Califf, MD, Richard J. Candela, MD, Dean J. Kereiakes, MD, 
Eric Berrios, RN, Sharon Y. Young, MS, Richard S. Stack, MD, and Eric J. Topol, MD 


Cardiopulmonary resuscitation (CPR) is often 
considered a contraindication to thrombolytic 
therapy for acute myocardial infarction. Of 708 
patients involved in the first 3 Thrombolysis and 
Angioplasty in Myocardial Infarction trials of lyt- 
ic therapy for acute infarction, 59 patients re- 
quired <10 minutes of CPR before receiving lytic 
therapy (CPR >10 minutes was an exclusion of 
the trials) or required CPR within 6 hours of 
treatment. The patients receiving CPR were sim- 
ilar to the remainder of the group with respect to 
baseline demographics. The indication for CPR 
was usually ventricular fibrillation (73%) or ven- 
tricular tachycardia (24%). The median duration 
of CPR was 1 minute, with twenty-fifth and sev- 
enty-fifth percentiles of 1 and 5 minutes, respec- 
tively. The median number of cardioversions/de- 
fibrillations performed was 2 (twenty-fifth and 
seventy-fifth percentiles of 1 and 3 minutes, re- 
spectively). Patients receiving CPR were more 
likely to have anterior infarctions (66 vs 39%), 
the left anterior descending artery as the infarct- 
related artery (63 vs 38%) and lower ejection 
fractions on the initial ventriculogram (46 + 11 
vs 52 + 12%) than those not receiving CPR. In- 
hospital mortality was 12 vs 6% with most 
deaths due to pump failure (57%) or arrhythmia 
(29%) in the CPR group and pump failure (38%) 
or reinfarction (25%) in the non-CPR group. At 
7 day follow-up the CPR group had a significant 
increase in ejection fraction (+5 + 9%) com- 
pared with no change in non-CPR group. There 
were no bleeding complications directly attribut- 
ed to CPR. In particular, the decrease in hemato- 
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crit (median 11) and need for transfusion (37 vs 
32%) were the same in both groups. In addition, 
the CPR group did not spend more days in the 
cardiac care unit or in hospital than the non-CPR 
group. 

In conclusion, patients who have received 
CPR for <10 minutes had no additional compli- 
cations attributable to thrombolytic therapy 
(95% confidence interval 0 to 5%). Therefore, 
CPR, especially of short duration, should not be 
considered a contraindication to lytic treatment. 
In addition, our results suggest that patients re- 
quiring CPR during acute infarction constitute a 
high-risk subgroup which may particularly bene- 
fit from receiving thrombolytic therapy. 

(Am J Cardiol 1991;68:1015-1019) 


cited as a contraindication to thrombolytic 

therapy.!:? In patients with acute myocardial 
infarction the need for defibrillation, precordial thump, 
and a short period of chest compression is common, 
with the reported incidence of early cardiac arrest in 
clinical trials of thrombolytic therapy ranging from 10 
to 16%.3-5 The recommendation to exclude such pa- 
tients from receiving therapy is not based on firm data 
and no studies that specifically address this question 
have been published. Because patients requiring CPR 
are at high risk with conservative therapy,° they poten- 
tially have the most to gain from thrombolytic treat- 
ment and therefore should not be excluded without 
good reason. To investigate this issue, we evaluated pa- 
tients enrolled in the Thrombolysis and Angioplasty in 
Myocardial Infarction trials who had received CPR be- 
fore or early in the course of therapy compared with 
patients who had not received CPR. 


S ardiopulmonary resuscitation (CPR) is often 


METHODS 

The study population included 708 consecutive pa- 
tients entered into the first 3 Thrombolysis and Angio- 
plasty in Myocardial Infarction trials.’~? Patients pre- 
senting within 6 hours of the onset of chest pain with 
electrocardiographic changes consistent with an acute 
myocardial infarction (>1 mm ST elevation in 2 con- 
tiguous leads) were eligible for study. Exclusion criteria 
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TABLE | Baseline Demographics 


Age (years) 55 (46—60) 
Gender: m/f 
Race 
White 
Black 
Indian 
Asiatic 
Other 
Risk factors 
Hypertension* 
Diabetes mellitus 
Hyperlipidemiat 
Cigarette smoking 
Family history of coronary disease 
Time to treatment (min) 


52 (88) 
5 (8) 
1 (2) 
1 (2) 
O (0) 


29 (49) 
11 (19) 
9 (15) 
46 (78) 
31 (53) 
160 (136-210) 


47 (80)/12 (20) 


Prolonged 
CPR 
(n = 22) 


58 (45-61) 
18 (82)/4 (18) 


57 (49-65) 
518 (80)/131 (20) 


20 (91) 
2 (9) 
O (0) 
O (0) 
O (0) 


602 (93) 
38 (6) 
4 (1) 
O (0) 
5 (1) 


12 (55) 
6 (27) 
4 (18) 
12 (55) 
8 (36) 
151 (131-191) 


261 (40) 
95 (15) 
67 (10) 
488 (75) 
288 (44) 
175 (126-220) 


*Hypertension defined as any previous history of hypertension diagnosed by a physician and treated with medications, diet or exercise. 
tHyperlipidemiadefined as a history of hyperlipidemia diagnosed by a physician or a history of a blood cholesterol > 200 mg/dl. 
Values in parentheses indicate percentage except for age and time to treatment where they indicate 25th to 75th percentiles. 


CPR = cardiopulmonary resuscitation. 


were age >75 years, history of recent stroke, surgery or 
trauma, predisposition for bleeding, uncontrolled hyper- 
tension (diastolic blood pressure >120 mm Hg), previ- 
ous coronary artery bypass surgery, previous Q-wave 
infarction in the same vascular distribution and cardio- 
genic shock (systolic blood pressure <85 mm Hg unre- 
sponsive to administration of fluid). In addition, CPR 
for >10 minutes was an exclusion criterion. Of the total 
population of 708 patients, 59 required CPR for <10 
minutes before receiving lytic therapy or had CPR dur- 
ing or soon after lytic therapy was started (<6 hours). 
These patients constitute the subpopulation studied. 

In phase | of the Thrombolysis and Angioplasty in 
Myocardial Infarction trials,” patients received 150 mg 
of intravenous tissue plasminogen activator over 6 to 8 
hours. Cardiac catheterization was performed 90 min- 
utes after initiation of lytic therapy, with 5,000 U of 
intravenous heparin administered after arterial access 
was attained. Patients with patent arteries amenable to 
angioplasty were then randomized to immediate versus 
elective angioplasty 7 to 10 days later. Patients with 
occluded arteries underwent immediate angioplasty in 
an attempt te restore patency. Repeat catheterization 
was performed in all patients at 7 days. 

In phase 2,° patients were treated with 1 of 5 regi- 
mens combining various doses of intravenous tissue 
plasminogen activator (1 mg/kg or 25 mg) and uroki- 
nase (0.5 to 2.0 million U). Patients were otherwise 
treated as in phase | except that acute angioplasty was 
only performed for occluded vessels. 

In phase 3,? patients were randomized to receive ei- 
ther a combination of tissue plasminogen activator (1.5 
mg/kg over 4 hours) with 10,000 U of heparin or tissue 
plasminogen activator alone. Otherwise treatment was 
the same as in phase 2. 
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After thrombolytic therapy all patients had similar 
management, which included the use of anticoagulation 
with heparin to maintain the activated partial thrombo- 
plastin time 1.5 to 2.0 times the control level for >24 
hours, aspirin 325 mg/day, 1 mg/kg bolus dose of lido- 
caine or a 225 mg loading dose followed by 2 to 4 
mg/min for the first 24 hours, and diltiazem 30 to 90 
mg every 6 to 8 hours. The use of nitroglycerin was at 
the discretion of the investigator, whereas the use of 8 
blockers was prohibited unless specifically required to 
treat supraventricular tachycardia, hypertension or an- 
gina. 

CPR was defined as an intervention performed in 
response to a change in rhythm to ventricular fibrilla- 
tion, ventricular tachycardia with hemodynamic insta- 
bility, asystole, or electromechanical dissociation, and 
included precordial thump, cardioversion or defibrilla- 
tion, or chest compressions. Because many patients only 
required | or 2 defibrillations, data for patients requir- 
ing more extensive CPR than defibrillation only were 
analyzed separately (prolonged CPR group). Treat- 
ment with antiarrhythmic or vasopressor medications 
alone was not included. 

Baseline characteristics and clinical outcomes were 
collected prospectively by trained research nurses using 
previously described definitions.’ General bleeding 
complications were similarly characterized. Data on 
days in the cardiac care unit and total days hospitalized 
are not available for patients in phase 1. All routinely 
collected variables were verified by primary source doc- 
umentation by a second trained nurse. Specific details 
and complications of CPR were collected retrospective- 
ly by the same research nurses on supplemental data 
forms. In some patients initially seen in small commu- 
nity hospitals, details of CPR are incomplete. 
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TABLE Il Details of Cardiopulmonary Resuscitation (n = 59) 


No. of 
Pts. (%) 


Reason for CPR 

Ventricular fibrillation 43 (73) 

Ventricular tachycardia 14 (24) 

Asystole 1 (2) 

Electromechanical dissociation 1 (2) 
Number of cardioversions/defibrillations 2 (1-3) 

Median (25th—7 5th percentiles) 
Maximal energy delivered (J) 

Median (25th—7 5th percentiles) 
Precordial thump 

Yes 10 (17) 

No 36 (61) 

Unknown 13 (22) 
Chest compression 

Yes 23 (39) 

No 26 (44) 

Unknown 10 (17) 
Timing of CPR 

Before thrombolytics 50 (85) 

During thrombolytics 7 (12) 

After thrombolytics 2 (3) 
Duration of CPR (min) 

Median (25th—7 5th percentiles) 1 (1-5) 


Numbers in parentheses indicate percentages unless otherwise specified. 
CPR = cardiopulmonary resuscitation. 


300 (200—360) 





All data are described with either percentiles for 
continuous variables or percentages for discrete vari- 
ables, except for ejection fraction which is expressed as 
mean + standard deviation. The Wilcoxon rank-sum 
test was used to test comparisons for continuous vari- 
ables, whereas discrete data were analyzed using Fish- 
er’s exact test or the chi-square test. A p value <0.05 
was considered statistically significant. 


RESULTS 

Of 708 patients entered into the trials, 59 (8%) had 
a cardiac arrest. Thirty-seven of these patients required 
only defibrillation and 22 required more extensive re- 
suscitation (prolonged CPR group). There were no sig- 
nificant differences between the CPR and non-CPR 
groups in many baseline characteristics including gen- 
der, the presence of risk factors for coronary artery dis- 
ease or time until treatment (Table I). The CPR group 
was slightly younger and had slightly fewer white pa- 
tients. The subpopulation of patients with prolonged 
CPR was also similar to the control population in base- 
line characteristics. Details of CPR are listed in Table 
I. 

Patients who received CPR were more likely to have 
an anterior myocardial infarction (66 vs 39%) and to 
have left anterior descending artery as the infarct-relat- 
ed artery (63 vs 38%) (Table III). There were no sig- 
nificant differences in the number of diseased vessels, 
infarct vessel patency as assessed by Thrombolysis in 
Myocardial Infarction flow grade, or in the percentage 


TABLE III Initial Catheterization Results 


All CPR Prolonged CPR No CPR 
(n= 59) (n= 22) (n = 649) 


Infarct coronary artery 
Left anterior descending 35 (63)* 
Circumflex 5 (9) 0 (0) 84 (13) 
Right 16 (29) 5 (26) 308 (48) 
Left main 0 (0) O (0) 1 (0.2) 
Graft 0 (0) 0 (0) 3 (0.5) 

Infarct location 
Anterior 


14 (74)t 240 (38) 


39 (66)* 17 (77)t 250 (39) 


395 (61) 


Inferior 20 (34) 5 (23) 
TIMI flowt 


11 (20) 4 (21) 139 (22) 
3 (5) 2 (11) 44 (7) 
18 (33) 9 (47) 104 (16) 
23 (42) 4 (21) 347 (55) 
Acute angioplasty 24 (43) 11 (58) 273 (42) 
Arteries > 75% diameter stenosis 
12 (20) 4 (18) 
38 (64) 15 (68) 383 (60) 
8 (14) 3 (14) 122 (19) 
1 (2) O (0) 55 (9) 
Arteries > 50% diameter stenosis 
5 (8) 3 (14) 39 (6) 
33 (56) 13 (59) 306 (48) 
16 (27) 4 (18) 179 (28) 
5 (8) 2 (9) 118 (18) 
46+ 11°" 43 +127 52 +12 


82 (13) 


Ejection fraction at 
acute catheterization 
*p value <0.05 between all CPR and no CPR groups. 
tp value <0.05 between prolonged CPR and no CPR. 
tFlow determined by arteriography 90 minutes after initiation of lytic therapy. 
Numbers in parentheses indicate percentages. 


mAs = cardiopulmonary resuscitation, TIMI = Thrombolysis in Myocardial Infarction 
trial. 


TABLE IV Mortality 


All CPR No CPR 
(n = 59) (n = 649) 





Mortality 40 (6) 
Death day 1 11 (28) 
Death day 2—7 16 (40) 
Death day >7 13 (33) 
Cause of death 
Pump failure 15 (38) 
Arrhythmia 2 (05) 
Reinfarction 10 (25) 


Infection 2 (05) 
Stroke 2 (05) 
Cardiac rupture 2 (05) 
Respiratory failure 2 (05) 
Unknown 5 (13) 


Except for the first line, numbers in parentheses indicate percentages calculated 
from the number of patients who died. 
CPR = cardiopulmonary resuscitation. 





of patients treated with acute angioplasty. The patients 
with prolonged CPR also had a preponderance of ante- 
rior infarctions (77%) and left anterior descending ar- 
tery lesions (74%). The baseline ejection fraction was 
lower in the CPR group as expected, given the greater 
proportion of anterior infarcts. 

The in-hospital mortality was somewhat higher in 
the CPR group, and the prolonged CPR group had a 
higher mortality rate than the non-CPR group (32 vs 
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TABLE V Fospital Course 


All CPR 
(n = 59) 


6 (11) 
8 (14) 
13 (22) 
15 (25)t 
10 (17) 
O (0) 

4 (07) 
+5 + Ot 
(n= 33) 


Prolonged CPR No CPR 
(n = 22) (n = 649) 


3 (17) 79 (13) 
5 (23)t 51 (08) 
8 (36)t 102 (16) 
7 (32)T 73 (11) 
3 (14) 68 (11) 
0 (0) 13 (2) 

4 (18)t 13 (2) 
+4+8 0+9 

(n = 10) (n = 444) 


Reocclusion 

Subsequent cardiac arrest* 
Sustained hypetension 
Pulmonary ecema 


Congestive heart failure 
Stroke 

Coma 

Change in ejection fraction§ 


*CPR after admission to the hospital. 

tp value <0.C between prolonged CPR and no CPR. 
p value <0.C between all CPR and no CPR. 
§Patients with ~epeat ventriculogram before discharge. 
CPR = cardiopulmonary resuscitation. 





6%, p = 0.0001). All of the deaths in the CPR group 
occurred in the group with prolonged CPR. In both 
groups, mamy of the deaths occurred during the first 
hospital day (Table IV). The most common cause of 
death in both groups was pump failure. 

The hospital course in the total CPR and non-CPR 
groups was similar with respect to reocclusion, subse- 
quent cardiac arrest, sustained hypotension, congestive 
heart failure, stroke or coma (Table V). The prolonged 
CPR group had a greater incidence of subsequent car- 
diac arrests. sustained hypotension, pulmonary edema 
and coma. Both the total CPR and prolonged CPR 
groups had an increase in ejection fraction on the pre- 
discharge vestriculogram (5 and 4%, respectively) com- 
pared with mo increase in the non-CPR group. 

There were no direct complications of CPR noted. 
Specifically, there were no cases of pericardial tampon- 
ade, rib or sternal fractures, pneumo- or hydrothorax, 
lung contusion, organ rupture or laceration, or embolic 
events attributable to CPR. The rate of bleeding com- 
plications was the same in both groups with regard to 
all parameters evaluated (median decrease in hemato- 
crit, lowest hematocrit, and units of red blood cells 
transfused were 11, 31, and 0 in the CPR group vs 11, 
32 and 0 in the non-CPR group). Both groups also had 
a similar number of days in the cardiac care unit (me- 
dian 3) and total days hospitalized (median 9), 


DISCUSSION 

In 1980, a National Institutes of Health Consensus 
Development Conference on Thrombolytic Therapy! 
suggested that CPR was a relative contraindication to 
thrombolytic therapy. More recently the American 
College of Cardiology/American Heart Association 
guidelines fo- treatment of acute myocardial infarction 
also listed CPR as a relative contraindication.2 Most 
of the major clinical trials have excluded such pa- 
tients.34!0-!* This question has a substantial practical 
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value given the large number of patients who may 
be unnecessarily excluded from receiving the optimal 
treatment for their myocardial infarction. In our study, 
we found that 8% of the patients required some form of 
resuscitation, while another large series found a figure 
of 16%.3 

In 2 large studies cardiac arrest occurred in 10%4 
and 11%° of patients treated with thrombolytic thera- 
py, although the use of CPR was not specified and the 
outcome in these patients was not discussed separately. 
One very early study of urokinase did report outcomes 
separately in patients who had sustained cardiac arrest: 
0 of 3 patients who had cardiac arrest before urokinase 
treatment died compared with 3 of 14 without cardiac 
arrest.'4 One large study with data on this question is 
the Gruppo Italiano per lo Studio della Streptochinasi 
Nell’Infarto Miocardico I study, which reported sepa- 
rate data for the 3% of that population of 11,712 pa- 
tients who had primary ventricular fibrillation. Patients 
with ventricular fibrillation who received streptokinase 
had a mortality of 9% compared with 12% in similar 
patients who did not receive treatment.!5 

In our study, the group who received CPR did not 
differ significantly from the remainder of our patients 
except for a predominance of anterior myocardial in- 
farctions. As expected, the ejection fraction at the base- 
line catheterization was lower in the CPR group. It is 
not surprising that those with larger infarcts were more 
likely to sustain cardiac arrest and that mortality would 
be higher in the group requiring CPR. However, the 
significant improvement in ejection fraction seen at 7- 
day follow-up in the CPR group compared with no im- 
provement in the non-CPR group is an important find- 
ing. Although the increase in ejection fraction could 
represent recovery from cardiac depression resulting 
from CPR itself, this finding suggests that thrombolytic 
therapy may be particularly beneficial in this high-risk 
subgroup. We found no direct complications due to 
CPR, and in-hospital adverse events, bleeding compli- 
cations and length of hospital stay were similar in the 2 
groups. 

The potential limitations of this study are important 
to recognize. First, our study population excluded pa- 
tients with CPR of >10 minutes and therefore no con- 
clusion can be made for that group of patients. How- 
ever, the mortality for patients requiring very prolonged 
CPR is extremely high. One study found only 5% sur- 
vival in a general population of hospitalized patients re- 
quiring >15 minutes of resuscitation.'® Therefore, in 
such a group the additional risk of thrombolytic thera- 
py would be very small and the potential benefit large. 

Second, there is potential of @ error to the extent 
that if more patients were studied we would have found 
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more complications attributable to CPR. However, the 
95% confidence interval for no complications is 0 to 5% 
overall and 0 to 14% for patients with prolonged CPR. 

Third, we do not have data on patients who were 
eligible but not entered into the trials. There may have 
been a selection bias so that patients with complications 
from CPR were not given thrombolytic therapy. How- 
ever, our conclusions should remain valid for patients 
with apparently uncomplicated CPR. 

Finally, it may be argued that this is a retrospective 
study and that only a prospective study randomizing 
patients who have received CPR to thrombolytics or no 
thrombolytics will be able to fully resolve the issue. Al- 
though we do not have data in this study for patients 
who received CPR and did not get thrombolytics, it is 
possible that the potential benefit of therapy in this 
group is even greater than for the total population of 
patients with infarction. A previous study found 66% 
mortality in patients who had cardiac arrest early in the 
course of myocardial infarction compared with 4% in 
patients without such a complication.® In addition, the 
limited data from the Gruppo Italiano per lo Studio 
della Streptochinasi Nell’Infarto Miocardico trial also 
showed a benefit of thrombolytic therapy in patients 
with cardiac arrest due to ventricular fibrillation.'> 

In conclusion, this study found no adverse effect in 
giving thrombolytic therapy to patients requiring a 
short duration of CPR, suggesting that these patients 
should not be excluded from this form of treatment. 
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with Low Osmolality Contrast Media 
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Studies in vitro have suggested that nonionic low 
osmolar contrast agents produce an increase in 
thrombogenicity. To determine the incidence of 
thrombi related to the use of nonionic low osmo- 
lar contrast media during coronary angioplasty, 
a double-blind randomized study was performed 
in 100 patients. Medication before angioplasty 
included oral aspirin (250 mg/day) in all cases. 
At the beginning of the procedure, aspirin (250 
mg) and heparin (10,000 U) were intravenously 
administered. During the procedure patients 
were randomly assigned to receive either an ion- 
ic low osmolar contrast agent ioxaglate (n = 50), 
or a nonionic low osmolar contrast media iohexol 
(n = 50). The presence of thrombus was evaluat- 
ed on the angiogram and on the guidewire imme- 
diately after its retrieval from the patients. 
Clinical, angiographic and procedural vari- 
ables were similar in the 2 randomized groups. 
Angiographic evidence of thrombus was ob- 
served in 1 patient (2%) assigned to ioxaglate 
and in 11 patients (22%) assigned to iohexol (p 
<0.005). One patient (2%) from the ioxaglate 
group and 6 patients (12%) from the iohexol 
group showed thrombotic residues on the guide- 
wire (p = not significant). Three patients had 
acute myocardial infarction, 1 patient (2%) re- 
ceiving ioxaglate and 2 patients (4%) iohexol 
(p = not significant). There were no deaths. 
Thus, compared with an ionic low osmolar 
contrast media ioxaglate, the nonionic low osmo- 
lar contrast agent iohexol increases the inci- 
dence of thrombus during coronary angioplasty. 
(Am J Cardiol 1991;68:1020-10240) 
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hemodynamic and symptomatic effects than 

high osmolality contrast agents.!-4 Two types of 
low osmolar contrast media are used: nonionic (iohexol, 
iopamidol and ioversol) and ionic (ioxaglate).!~5 Exper- 
imental studies have demonstrated that the use of non- 
ionic low osmolar contrast media may be associated 
with an increase in thrombogenicity.®!° Also, clinical 
studies have suggested an increase in the incidence of 
thrombosis or thromboembolism occurring during diag- 
nostic cardiac procedures,!! when nonionic low osmolar 
contrast agents are used. To compare the incidence of 
thrombi between iohexol (nonionic) and ioxaglate (ion- 
ic) during coronary angioplasty, a double-blind, ran- 
domized study was performed in a series of consecutive 
patients. 


L ow osmolar contrast media have fewer adverse 


METHODS 

Patients: One hundred thirty-two consecutive pa- 
tients referred to our institution for percutaneous trans- 
luminal coronary angioplasty were evaluated. Thirty- 
two patients were excluded because of the possibility of 
intracoronary thrombus before angioplasty (4 patients 
with documented angiographic thrombus, 12 patients 
with total coronary occlusion and 16 patients with ante- 
cedents of myocardial infarction or thrombolytic thera- 
py in the last 3 months). The study group comprised 
the remaining 100 patients. The investigational protocol 
was approved by the ethics committee of our institu- 
tion. All patients gave their written informed consent. 

Protocol: [n double-blind fashion, the patients in- 
cluded were randomly assigned to receive either ioxa- 
glate (Hexabrix 320, [iodine 320 mg/ml, 600 mOsm/ 
kg], Guerbet, Lyon, France) or iohexol (Omnigraf 350, 
[iodine 350 mg/ml, 780 mOsm/kg], Shering AG, Ber- 
lin, Germany) as contrast agents during the procedure. 
All patients received their usual antianginal medica- 
tions and aspirin (250 mg orally >24 hours before cor- 
onary angioplasty). No patient was taking coumadin. 
At the beginning of the procedure, aspirin (250 mg in- 
travenously ), heparin (10,000 U intravenously) and ni- 
troglycerin (0.8 mg sublingually) were given. If the 
procedure lasted >2 hours, an additional dose of 2,500 
U of heparin was intravenously administered. Activated 
clotting time was not monitorized. 
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Coronary angioplasty was performed by 3 expert in- 
terventional cardiologists working always in tandem. 
Percutaneous femoral catheterization with soft-tip 8Fr 
guiding catheters (Scheneider, Zurich, Switzerland) 
was always used. Stenosis severity and balloon catheter 
selection were determined by caliper measurements of 
the site of maximal narrowing and of the adjacent non- 
involved segment from the baseline angiogram recorded 
before percutaneous transluminal coronary angioplasty. 
The guiding catheter was flushed with heparinized so- 
lution in the descending aorta before coronary engage- 
ment. Once the guiding catheter was placed in the cor- 
onary ostium, frequent injections of contrast medium 
were performed to facilitate guidewire progression and 
balloon catheter positioning. Plastic syringes and a close 
3-way manifold system were used to inject heparinized 
solution periodically. After visualization of the lesion/s 
in >2 orthogonal projections, a bare guidewire was ad- 
vanced to the distal part of the target vessel. Monorail 
balloon catheters (Scheneider, Zurich, Switzerland) 
with 0.012-inch guidewires (Scheneider, Zurich, Swit- 
zerland) were used in most cases. Balloon dilatations 
were performed with incremental pressures (up to 6 to 
8 atm) during 60 seconds. Oversizing of the balloon in 
relation to the artery diameter was avoided by using 
incremental 0.25 mm balloon catheters. In some cases 
Probe (USCI, Billerica, Massachusetts) or Hartzler 
(ACS, Santa Clara, California) balloon catheters were 
used in addition to the Monorail system. 

Coronary angioplasty was considered successful if it 
reduced the residual stenosis to <50% of luminal diam- 
eter with a gain of >50% and was not associated with a 
major complication (myocardial infarction, urgent by- 
pass graft surgery or death). 

Definition of thrombus: The presence of thrombus 
was evaluated on the angiogram (nonocclusive or occlu- 
sive) and on the guidewire. On the angiogram, throm- 
bus was defined as nonocclusive if it was seen as a 
spherical, ovoid or irregular intraluminal filling defect, 
surrounded by contrast medium on at least 3 sides and 
visualized in multiple views!?:!3 (Figure 1). Thrombus 
was defined as occlusive when a total coronary obstruc- 
tion appeared during the procedure, refractory to intra- 
coronary nitroglycerin and without evidence of coro- 
nary dissection.'4 Thrombus was considered present 
when thrombotic residues were visually observed on the 
guidewire, just after its retrieval from the patient. If 
thrombus was detected on the angiogram and also on 
the guidewire, only the angiographic thrombus was tak- 
en into account. 

Variables analyzed: Eight clinical (Table I), 18 an- 
giographic and 9 procedural variables (Tables I and IT) 
were evaluated in each patient. Also, the presence of 
angiographic thrombus, thrombus on the guidewire, 







TABLE I Clinical, Angiographic and Procedural Variables 
Between the Two Randomized Groups (per patient) 










loxaglate lohexol 
(no. of pts. = 50) (no. of pts. = 50) p 
(%) (%) Value 












Clinical variables 





















Age (years) 56 + 9 56+8 NS 
Men 41 (82) 43 (86) NS 
Smokers 36 (72) 30 (60) NS 
Diabetes mellitus 5 (10) 7 (14) NS 
Hyperlipidemia 8 (16) 11 (22) NS 
Systemic hyper- 18 (36) 14 (28) NS 
tension 
Prior myocardial 7 (14) 9 (18) NS 
infarction 
Unstable angina 34 (68) 34 (68) NS 
Coronary arteries | >50% 
in diameter 
Number $b 0.5 1.4+0.5 NS 
Arteries at- 1.2 + 0.4 1.1+0.3 NS 
tempted 
Specific artery 
Left anterior 28 30 NS 
descending 
Left circum- 22 10 NS 
flex 
Right 8 18 NS 
Narrowings at- 1.4 + 0.6 1.3 + 0.4 NS 
tempted 
Collateral circula- 8 (16) 11 (22) NS 
tion 
LV ejection frac- 63 + 10 62 +11 NS 
tion (%) 
Procedural variables 
Procedure dura- 81 + 23 87 + 33 NS 
tion (min) 
Contrast volume 196 + 67 207 + 98 NS 
(mi) 







Values are mean + standard deviation or percent (number of patients). 
LV = left ventricular; NS = not significant; | = stenosis. 
































FIGURE 1. Nonoclusive thrombus in the middle of the left an- 
terior descending coronary artery (arrow) during percutane- 
ous transluminal coronary angioplasty. The lesion in the proxi- 
mal part of the vessel has already been dilated. The guidewire 
is still in the vessel. 
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Two Randomized Groups (per lesion) 


loxaglate 
(no. of 


lesions = 71) 


(%) 





lohexol 
(no. of 


lesions = 68) 


(%) 



























Pre-PTCA stenosis (%) 79 +14 83 + 13 NS 

Post-PTCAÆ stenosis (%) 23.4719 3 r225 NS 

Stenosis pæ-PTCA 53 (75) 58 (85) NS 
>75% 

Stenosis pest-PTCA 6 (8) 11 (16) NS 
> 50% 

Lesion cha acteristics 
Length =10 mm 27 (38) 19 (28) NS 
Eccentrieity 36 (51) 33 (48) NS 
Irregular torders 32 (45) 2537) NS 
Calcification 5 (7) 7 (10) NS 
Proximal localization 29 (41) 29 (43) NS 
Stenosis n curve 6 (9) 8 (12) NS 
Side-bramch 10 (14) 14 (20) NS 

involvement 

Intimal dissection post- 10 (14) 8 (12) NS 

PTCA 
Procedural variables 

Balloon size mm) 2.5+0.4 2.5.4 0:4 NS 

No. of inflafiens 6+4 6+ 2 NS 

Maximal indation time 65 + 24 63 + 12 NS 
(sec) 

Maximal pressure (bar) 8+2 8+2 NS 

Monorail balloon catheter 70 (98) 67 (98) NS 

Other balloenm catheters 7 (10) 14 (20) NS 

0.012” guicewire 69 (97) 66 (97) NS 









Values are mean + standard deviation or percent (number of lesions). 
NS = not significant; PTCA = percutaneous transluminal coronary angioplasty. 






coronary occlusions and major complications (acute 
myocardial -nfarction, urgent bypass graft surgery and 
death) were analyzed. 

Statistical analysis: The SPSS-PC statistical pack 
was used for statistical testing. Differences in categori- 
cal variables were assessed by chi-square test, with 
Yates correction when appropriate. Continuous data 
(mean + stendard deviation) were compared using un- 


Incidence of Thrombus 


Bal % thrombes/patient 
22% 





Guide-wire 
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FIGURE 2. Bar graphs illustrating the incidence of angio- 
graphic thrombus (left) and thrombus on the guidewire (right) 
in relation to the low osmolar contrast media used during cor- 
onary angioplasty. 
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TABLE Ili Incidence of Thrombus and Complications in the 
Two Randomized Groups 


loxaglate lohexol 
(no of pts. = 50) (no. of pts. = 50) 
Patients (%) (%) p Value 
Thrombus 
Angiographic 1 (2) 11 (22) <0.005 
Guidewire 1 (2) 6 (12) NS 
Complications 
Urgent bypass surgery 1 (2) 2 (4) NS 
Myocardial infarction 1 (2) 2 (4) NS 
Death 0 0 NS 


NS = not significant. 


paired Student’s z test. A 0.05 difference was accepted 
as Statistically significant for all tests. 


RESULTS 

Of the 100 patients enrolled in the study, 50 were 
randomized to receive ioxaglate and 50 to receive io- 
hexol. One hundred thirty-nine lesions were attempted 
(71 in the ioxaglate group and 68 in the iohexol group; 
p = not significant [NS]) in 116 vessels (58 in the iox- 
aglate group and 58 in the iohexol group; p = NS). 
There were no statistically significant differences be- 
tween the 2 groups in relation to clinical, angiographic 
and procedural characteristics (Tables I and II). Vari- 
ables are expressed either per patient (Table I) or per 
lesion (Table II). The success rate was 91% for patients 
and 88% for lesions, without significant differences be- 
tween the ioxaglate and the iohexol groups. 

Thrombi were observed in 19 patients (Table III). 
In relation to the contrast media used during the proce- 
dure, angiographic thrombus was detected in | patient 
(2%) assigned to receive ioxaglate and in 11 patients 
(22%) assigned to iohexol (p <0.005) (Figure 2). Oc- 
clusive thrombus was observed in 8 patients (1 with 
ioxaglate and 7 with iohexol; p = NS). Vessel perme- 
ability was reestablished after redilatation in 2 cases 
and after thrombolytic therapy in 3 cases. In the other 
3 patients the occlusion became permanent (1 with iox- 
aglate and 2 with iohexol) resulting in acute myocardial 
infarction (2 after medical treatment and 1 after urgent 
bypass surgery). There were no deaths (Table III). 
Nonocclusive thrombi were detected in 4 patients from 
the iohexol group. Angiographic thrombi were located 
at the lesion in 7 patients and distal to the stenosis in 5 
patients. No thrombi were observed proximal to the di- 
lated lesion. 

One patient (2%) from the ioxaglate group and 6 
patients (12%) from the iohexol group had thrombotic 
residues on the guidewire (p = NS) (Figure 2). In 2 
patients the thrombus was observed in the angiogram 
(nonocclusive) and on the guidewire, but only the angi- 
ographic defect was considered. In 2 cases thrombotic 
residue at the guidewire was histologically studied, 
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showing a hemostatic plug with an amorphous platelet 
mass in both (Figure 3). 

Dissection after percutaneous transluminal coronary 
angioplasty was seen in 18 lesions (13%), with throm- 
bus image at the lesion level in 2 patients, both in the 
iohexol group. Both thrombi were nonocclusive. In 21 
patients, Probe or Hartzler balloon catheters were in- 
serted in addition to the Monorail balloon catheters. No 
thrombi were observed in this subgroup of patients. 

Urgent bypass graft was performed in 3 patients: | 
with permanent refractory occlusion, | with transient 
coronary occlusion and severe residual stenosis after 
percutaneous transluminal coronary angioplasty and | 
with severe dissection without thrombus image. Only 
the first patient had myocardial necrosis. 


DISCUSSION 

Fewer adverse, hemodynamic, electrocardiographic 
and symptomatic effects are seen with low osmolar 
than with high osmolar contrast media.!-4 Two types of 
low osmolar contrast media are often used: nonionic 
(iohexol, iopamidol and ioversol) and ionic (ioxa- 
glate).!-> Experimental studies have suggested that 
nonionic contrast media have an increased thrombogen- 
icity.©!° Grollman et al!! reported 3 thromboembolic 
complications related to the use of iopamidol during di- 
agnostic coronary studies. 

Our study suggests an increased incidence of throm- 
bus formation during coronary angioplasty when non- 
ionic low osmolar contrast media are used. Angio- 
graphic evidence of thrombus was observed in 2% of 
patients assigned to ioxaglate and in 22% of patients 
assigned to iohexol. Also, thrombotic residues on the 
guidewire were seen more often in patients who re- 
ceived iohexol (12 vs 2%). In most patients, this finding 
had no clinical consequence, although acute myocardial 
infarction developed in 3 patients. 

Similar results have recently been reported in pre- 
liminary studies by other investigators. Gasperetti et 
al'!5 observed an incidence of angiographic thrombus 
with diatrizoate (4%) and with iopamidol (18%) during 
coronary angioplasty in 124 patients. In 204 patients, 
Royer et al!® reported a 6.4% incidence of acute coro- 
nary occlusion with ioxaglate and 15.3% with iopami- 
dol during coronary angioplasty. 

lopamidol and iohexol have demonstrated fewer in- 
hibitory effects on platelet aggregation and bind less 
coagulation protein than do diatrizoate and ioxa- 
glate.!7!8 Nonionic agents permit thrombin generation 
to occur while inhibiting the fibrin polimerization step 
of blood coagulation.’ Fareed et al! reported compara- 
tive results on the generation of thrombin-antithrombin 
complex in mixtures of blood and contrast media. Ionic 
contrast media such as diatrizoate and ioxaglate did not 
generate any thrombin-antithrombin complex, whereas 


the nonionic contrast media iohexol, iopamidol and i0- 
versol produced a time-dependent increase. 

Reinfusion of thrombin-containing contrast agent 
could cause clots to form at the catheter tip or down- 
stream from the injection site in regions of slow or stag- 
nant flow.? Hwang et alf found that a nonionic contrast 
medium has a higher incidence of blood clot formation 
when mixed with blood in test tubes and in catheters. 
They® also observed that in a dog model, nonionic con- 
trast media are more thrombogenic than ionic contrast 
media in a catheter-steerable wire system. 

The angiographic method of detecting thrombi is 
neither very sensitive nor entirely specific. Filling de- 
fects may be caused by factors other than thrombi 
(e.g., dissection). Nevertheless, angioscopic results sug- 
gest that angiography underestimates the incidence of 
thrombus, because it is more specific than sensitive.!?7° 
When a vessel becomes totally occluded, it is often dif- 
ficult to be sure whether the cause is thrombotic, secon- 
dary to dissection, or a combination of both factors. In 
patients who required emergency surgery after coro- 
nary angioplasty failed, angioscopy revealed the pres- 
ence of thrombus.'? Furthermore, the diagnosis of 
thrombus in our study is sustained by the histologic 
study of the guidewire residues and by the effectiveness 
of thrombolytic therapy in the 3 patients in which 
thrombolysis was considered clinically indicated. 

In our study, heparinization was performed with an 
initial bolus of 10,000 U followed by additional doses 
when the procedure lasted >2 hours. Coagulation pa- 
rameters were not monitored. Ogilby and co-workers?! 
reported that 11% of patients during coronary angio- 
plasty had low activated clotting times after an initial 
10,000 U bolus of heparin, and propose monitoring the 
status of anticoagulation during angioplasty to achieve 
a continuous effective anticoagulation throughout the 
procedure. Our results could suggest that this is partic- 
ularly important when nonionic low osmolar contrast 
media are used. Adding 5 U of heparin per milliliter of 





FIGURE 3. Guidewire residue showing a hemostatic plug with 
an amorphous platelet mass. Some isolated platelets are also 
observed. 
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nonionic low osmolar agent has also been recommend- 
ed to prevent thromboembolic complications.?2 

In conclusion, our study suggests a higher incidence 
of thrombus formation associated with nonionic con- 
trast media during coronary angioplasty. Therefore, 
nonionic contrast media should be used cautiously in 
patients with a high risk for developing acute occlusion 
during coronary angioplasty. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


An Antiarrhythmic Drug Experience in 941 
Patients Resuscitated from an Initial Cardiac 
Arrest Between 1970 and 1985 
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Survival rates and antiarrhythmic drug use were 
determined in 941 consecutive patients resusci- 
tated from prehospital cardiac arrest due to ven- 
tricular fibrillation between March 7, 1970, and 
March 6, 1985. Of these patients, 18.7% were 
treated for at least a portion of the period with 
quinidine, 17.5% with procainamide, and 39.4% 
received no antiarrhythmic agent. Beta blockers 
were prescribed for 28.3% of the patients. Un- 
adjusted comparisons of survival estimates 
showed dramatically lower survival rates for pa- 
tients who received antiarrhythmic drugs inde- 
pendent of 6-blocker therapy and significantly 
improved survival for patients receiving $- 
blocker therapy independent of antiarrhythmic 
use. Patients for whom antiarrhythmic therapy 
was prescribed also had more adverse baseline 
risk factors, whereas patients taking 8 blockers 
had fewer such risk factors. After adjustment for 
these baseline risk factors, the use of antiar- 
rhythmics was weakly (p <0.09) associated with 
worsened survival; 2-year survival for procain- 
amide-treated patients was 30% and quinidine- 
treated patients 55% (p = 0.003). Beta-blocker 
therapy was associated with improved (p 
<0.001) survival. Thus, although neither pro- 
cainamide nor quinidine appear to have had a 
benefit on mortality, the effect of procainamide 
appears to be significantly worse than that of 
quinidine. The use of antiarrhythmic drug thera- 
py in patients resuscitated from prehospital ven- 
tricular fibrillation should be regarded as not 
only unproved, but potentially hazardous, and 
should probably be restricted to testing in ran- 
domized clinical trials. 

(Am J Cardiol 1991;68:1025-—1031) 
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fter >20 years’ experience in following and 
A managing survivors of out-of-hospital ventricu- 

lar fibrillation, the role of antiarrhythmic drugs 
in these patients remains obscure. In earlier years, em- 
piric use of antiarrhythmic drugs was considered appro- 
priate by many authorities,!? but that approach is now 
thought to be inferior to the administration of antiar- 
rhythmic drugs according to the results of programmed 
ventricular stimulation. However, the latter strategy 
has also not been conclusively shown to be effective.’ 
Whereas we previously reported that antiarrhythmic 
drugs were associated with an enhanced incidence of 
recurrent cardiac arrest, these observations were made 
in a relatively small number of patients and were in- 
completely adjusted for the effects of confounding clini- 
cal factors.4> In a recent report, Moosvi et al found no 
benefit attributable to the empiric use of procainamide 
or quinidine in >200 survivors of out-of-hospital cardi- 
ac arrest. 

This report reviews retrospectively the use of antiar- 
rhythmic drugs and -adrenergic blocking agents in a 
large community-based population of survivors of out- 
of-hospital ventricular fibrillation. These observations, 
while not the result of a randomized clinical trial, repre- 
sent to our knowledge the largest and most comprehen- 
sive analysis of antiarrhythmic drug therapy in consec- 
utive survivors treated by community cardiologists and 
other physicians. We also compare the use of procain- 
amide and quinidine in relation to protection from re- 
current arrest. 





METHODS 

Clinical histories and outcome are obtained for all 
patients resuscitated from cardiac arrest occurring out- 
side the hospital in Seattle. Yearly follow-ups are con- 
ducted on those discharged from the hospital whose ini- 
tial rhythm was ventricular fibrillation. There were 941 
such patients who were resuscitated by paramedics and 
subsequently discharged from the hospital without seri- 
ous neurologic deficit between March 7, 1970, and 
March 6, 1985. These data report follow-up on these 
patients through April 15, 1988. During this 15-year 
period, 59 patients were resuscitated from a second epi- 
sode, and 101 patients were discharged with serious 
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TABLE I 9¢ _ Survivors of Out-of-Hospital Ventricular Fibrillation—Baseline Characteristics* by Year of Resuscitation 


Age (yr) Male % 


*Unknown and missing responses are excluded. 


Remote History of 


ANG % HBP % CHF % DIAB % 


Total not missiag: 941 for age of patients at incident; 919 for angina; 924 for congestive heart failure; 913 for diabetes; 928 for high blood pressure; 886 for myocardial infarction; 


and 941 for patienss’ sex. 


ANG = angina- © HF = congestive heart failure; DIAB = diabetes; HBP = high blood pressure; MI = myocardial infarction; SD = standard deviation. 


neurologic ceficit. These 160 episodes are not included 
in this repor. 

Annual follow-up is obtained by mailed question- 
naire which >rovides information on subsequent hospi- 
talizations <md procedures performed as well as drug 
treatment curing the year. The follow-up question- 
naires were initiated in 1975. Information regarding 
drug therapy for prior years was available on approxi- 
mately 15% of patients each year from ambulatory 
electrocardiegraphic records or research clinic informa- 
tion, or both and was completely unavailable for only 
35 patients. Additionally, a listing of current medica- 
tions was c@lected for all patients who died or were 
resuscitated from a subsequent episode of out-of-hospi- 
tal cardiac crrest. Events during follow-up were classi- 
fied as eithe- sudden death/recurrent cardiac arrest, 
other deaths. lost to follow-up or alive with no recurrent 
cardiac arres- 

The clint&al information collected included the pa- 
tient’s age <t the time of the initial episode, sex and 
histories (prior to the initial episode) of myocardial in- 
farction, angma, hypertension, congestive heart failure 
and diabetes 

The use ef 6-blocker and antiarrhythmic therapy 
was recorded during follow-up. Most patients receiving 
antiarrhythna cs took quinidine or procainamide in the 
early period of study. Although patients tended to be 
exposed to ealy | antiarrhythmic, that exposure was 
not necessarily continuous, and occasionally there were 
crossovers. For the purposes of this study, we have 
elected to ex2mine the following 6 subgroups based on 
antiarrhythmc use (independent of 6-blocker use): (1) 
only on quinidine, (2) always (and only) on quinidine, 





(3) only on procainamide, (4) always (and only) on 
procainamide, (5) on other antiarrhythmics or cross- 
over combinations, and (6) never on antiarrhythmics. 
For -blocker usage, independent of antiarrhythmic 
use, we considered 3 classifications: ever used, always 
used, and never used. 

Comparisons of baseline characteristics between 
groups were based on chi-square or the ż statistic, as 
appropriate. The Cox proportional hazards model was 
used to compare the survival experience of groups ad- 
justing for the baseline covariates.” The year of the 
cardiac arrest was also included as a “continuous” co- 
variate. Only 75 of these patients had specialized ar- 
rhythmia management and only 2 had automatic im- 
plantable cardiac defibrillation (AICD) implantation. 
Coronary artery bypass grafting was performed in 113 
patients. 


RESULTS 

Table I displays the baseline characteristics by year 
of entry. The age of patients has steadily and signifi- 
cantly increased from an average of 59 years in 1970 to 
64 years in 1984. There appears to be an increase in the 
proportion of patients with a history of hypertension 
from 1970 through 1980, subsequently leveling off. 

From 1975 (the year annual follow-up became rou- 
tine) to 1985 the use of quinidine and procainamide has 
remained steady (19 and 12% of patients, respectively). 
The use of newer antiarrhythmic drugs or combined 
therapies has increased twofold from 12 to 24%. The 
proportion of patients for whom antiarrhythmic drugs 
were prescribed increased from 44 to 58%. Figure 1 
shows the estimated proportion of patients who were 
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prescribed antiarrhythmic drugs continuously since the 
initial episode as well as the proportion of patients who 
were first treated with antiarrhythmic drugs (drop-ins) 
at some time during follow-up. It is noteworthy that the 
dropout portion (presumably due to adverse effects) is 
not very large, approximately 4% a year, nor is the rate 
of drop-in, approximately 2%/year (after a 10% drop- 
in the first year). 

The proportion of patients receiving 8-blocking ther- 
apy increased from 21% in 1975 until stabilizing in 
1978 at 38%. The drop-in rates average about 2%/ 
year, whereas the dropout rates are similar to those for 
antiarrhythmics with the exception of the first-year 
15% decline (Figure 2). 


FIGURE 1. Drop-in and dropout rates esti- 
mated from time of incident using failure 
time analysis methodology. 
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estimated % on drug 


FIGURE 2. Drop-in and dropout rates esti- 
mated from time of incident using failure 
time analysis methodology. 
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Five hundred thirty-eight patients (57%) were tak- 
ing antiarrhythmics at some time during their follow- 
up, whereas 371 (39%) were never treated with antiar- 
rhythmics (Table II). Only 266 (28%) of the patients 
received 8 blockers and only 118 (13%) were consis- 
tently given the drug. 

Follow-up ranged from 3 to 18 years (average 9). 
During this time 642 patients died or had a recurrent 
cardiac arrest; of these, 418 (65%) had unexpected and 
out-of-hospital cardiac arrest. Fifteen (1.6%) were lost 
to follow-up and 284 (30%) survived. 

Prognostic significance of baseline characteristics: 
Table III shows the univariate and multivariate relative 
risks and significance levels for the baseline characteris- 


—t—_initially placed on antiarrhythmics n=325 


—e— initially not placed on antiarrhythmics n=415 


time in years 
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—t—-__ initially placed on beta blockers n=131 
——*— initially not placed on beta blockers n=659 
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TABLE ff Scrvivors of Ventricular Fibrillation 


Drug Groups 





On antarrhythmics* 538 (57.2%) 


Only quinidine 176 (18.7%) 
Alweys quinidine 115 (12.2%) 
Only procainamide 166 (17.5%) 
Alweys procainamide 127 (13.5%) 
Other combinations 196 (21.0%) 
Never en antiarrhythmics 371 (39.4%) 
Missing 32 (3.4%) 
On B beockers 266 (28.3%) 
Alwayson B blockers 118 (12.5%) 
Never en B blockers 640 (68.0%) 
Missing 35 (3.7%) 


*Any antiarrhytamic use exclusive of B blockers. 


tics related to subsequent death. Older age, resuscita- 
tion during the early 1970s and histories of myocardial 
infarction ard congestive heart failure were indepen- 
dently related to a higher risk for subsequent unexpect- 
ed cardiac arrest. Subsequent occurrence of nonsudden 
death was rdated to age and to histories of congestive 
heart failure and diabetes. 

Drug therapy and survival: Baseline characteristics 
for the 4 pars of drug treatment groups are listed in 
Table IV. Patients who received antiarrhythmic drug 
therapy, in general, had a higher incidence of risk fac- 
tors for deat1 than either those for whom such treat- 
ment was mot prescribed or those who received 8 
blockers. However, patients who received only quini- 
dine and these taking only procainamide had similar 
characteristic except for an increased average age in 
the procainamide-treated patients. 

Table V snows the relative risks and significance for 
the relation of drug therapies to death or recurrent car- 
diac arrest. The relative hazard associated with antiar- 
rhythmic drig therapy is 1.41 (p <0.0001). Adjust- 
ment for baseline characteristics and 6-blocker therapy, 
however, reduced the relative hazard to 1.17 (p <0.09). 
The relative hazard (actually benefit) for treatment 
with 6-blocker therapy was 0.47 (p <0.00005), which 
was still sigrificant (0.62; p <0.00005) after adjust- 
ment for the baseline characteristics and other antiar- 
rhythmic therapy. When comparing outcome in pro- 
cainamide- and quinidine-treated patients, the relative 
hazard was always greater for procainamide; and that 
risk is attenuated little by adjustment for baseline char- 
acteristics. Tiese results were not altered if outcome 
was restrictec to sudden death or recurrent cardiac ar- 
rest. Figures 3 to 5 show estimates of survival distribu- 
tions adjusted for baseline characteristics for selected 
comparisons. 

These observations were basically unaffected after 
exclusion of patients managed by use of electrophysiol- 
ogy arrhythmia service, AICD use, or coronary artery 
bypass grafting, or a combination of these, except that 









TABLE Ill Baseline Characteristics Related to Risk for Fatal 
Events in Survivors of Ventricular Fibrillation 









Univariate Multivariate 










Relative Relative 
Variable Hazard pValue Hazard p Value 


Risk for Sudden Death or Recurrent Cardiac Arrest* 
















Age (10-year increment) 1.25 0.00005 1.20 0.0001 
Sex (male to female) 1.29 0.042 1.28 0.075 
Year resuscitated 0.96 0.005 0.96 0.011 
History of (yes:no) 
MI 2.11 0.00005 1.81 0.00005 
Angina 1.19 0.094 1.00 0.99 
HBP 0.86 0.17 0.92 0.48 
CHF 2.62 0.00005 1.99 0.00005 
Diabetes 1.56 0.0057 1.27 0.18 












Risk for All Death or Recurrent Cardiac Arrest 


1.41 0.00005 








Age (10-year increment) 1.37 0.00005 














Sex (male to female) 1.09 0.35 1.13 0.25 
Year resuscitated 0.97 0.0053 0.96 0.0027 
History of (yes:no) 
MI 2.00 0.00005 1.61 0.00005 
Angina 1.16 0.078 1.01 0.88 
HBP 0.94 0.45 0.98 0.85 
CHF 2.78 0.00005 2.08 0.00005 
Diabetes 2.00 0.00005 1.59 0.0004 












Risk for Death Other Than Recurrent Out-of-Hospital Cardiac Arrest 
1.84 0.00005 1.80 0.00005 








Age (10-year increment) 










Sex (male to female) 0.84 0.24 0.96 0.79 
Year resuscitated 0.98 0.40 0.97 0.14 
History of (yes:no) 
MI 1.80 0.00005 1.28 0.10 
Angina 1.11 0.48 1.02 0.88 
HBP 1.09 0.54 LAT 0.47 
CHF 3.13 0.00005 2.28 0.00005 
Diabetes 2.99 0.00005 2.28 0.00005 









rs univariate and multivariate relative hazards are as estimated by the Cox 
model. 

CHF = congestive heart failure before index cardiac arrest; HBP = high blood 
pressure before index cardiac arrest; MI = myocardial infarction before index cardiac 
arrest. 






TABLE IV Characteristics of Survivors by Drug Groups 


Ever 
on BB 


Never 
on BB 


Ever 
on AA 


Never 
on AA 


371 
60.6 


538 
62.3 
B2.3* 


640 
63.3 
78.9 


266 
07.2" 
78.2 


No. of pts. 

Age (yr) 

Male (%) 

History of 
MI (%) 
Angina (%) 
HBP (%) 
CHF (%) 
Diabetes (%) 


45.2* 
31.8 
34.0 
26.9 
8.9 


40.6 
31.0 
29.8 
27.4 

9.7 


30.0* 
35.5 
43.0* 
11.5* 
7.3 


16.6 
9.6 


Only Quin. 


Only Proc. Always Quin. Always Proc. 

176 
61.3 
82.4 


166 
63.94 
83.1 


115 
61.2 
86.1 


127 
64.84 
83.5 


No. of pts. 
Age (yr) 
Male (%) 
History of 
MI (%) 
Angina (%) 
HBP (%) 
CHF (%) 25.0 
Diabetes (%) 9.2 
*p <0.001; tp <0.05. 


AA = antiarrhythmic drugs; BB = B-blocker drugs; Quin. = quinidine; Proc. 
procainamide; other abbreviations as in Table Ill. 


51.4 
39.3 
29.8 
30.6 

7.0 


54.7 
36.8 
33.6 
35.5 

8.9 


43.3 
37.0 
31.4 


51.6 
36.4 
34.4 
30.7 

8.8 
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TABLE V Relation of Drug Therapy to Death or Recurrent Cardiac Arrest 


Unadjusted 
Relative Hazard 


On antiarrhythmics vs not 1.41 (1.18, 1.68)* 
On B blockers vs not 0.47 (0.38, 0.57) 
Only on proc. vs only on quin. 1.48 (1.14, 1.92) 
Always on proc. vs always on quin. 1.64 (1.22, 2.21) 


*95% confidence interval. 

tincludes adjustment for B-blocker therapy and baseline characteristics. 
tincludes adjustment for antiarrhythmic therapy and baseline characteristics. 
proc. = procainamide; quin. = quinidine. 


distribution 


FIGURE 3. Survival distributions adjusted 
for covariates including §-blocker therapy. 


estimated survival 





distribution 


FIGURE 4. Survival distributions adjusted 
for covariates including other antiarrhyth- 
mic drug use. 


estimated survival 





Adjusted 
p Value Relative Hazard p Value 


1.17 (0.98, 1.41) 
0.62 (0.50, 0.77) 
1.57 (1.21, 2.07) 
1.59 (1.18, 2.18) 





Ever on Antiarrhythmics vs 
Never on Antiarrhythmics 


—t—_~—S— ever on antiarrhythmics n=538 
—o—-__ never on antiarrhythmics n=371 


P = 0.0860 


8 12 


time In years 


Never on Beta Blockers vs 
Ever on Beta Blockers 


——-—— never on beta blockers n=640 
——-oO——_—s—=r ever on beta blockers n=266 


Re P < 0.0001 


8 Ww 12 
time In years 
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the risk associated with antiarrhythmic therapy (after 
adjustment for baseline factors) was more significant 
(p = 0.04). 


DISCUSSION 

These data on the role of arrhythmia drug therapy 
and survival after resuscitation from an episode of car- 
diac arrest are observational and uncontrolled and it is 
important to bear these facts in mind when forming 
conclusions. Randomized trials are critical. Neverthe- 
less, observational data can be useful in investigating 
the likely benefit of some pharmacologic treatment or 
cardiac procedure. The observations reported here are 
from a large and consecutive series of patients who 
were at relatively high risk for a lethal arrhythmic 
event and for whom baseline and follow-up data were 
collected over several years. 

Probably because of physician bias, patients who re- 
ceived antiarrhythmic therapy had a higher prevalence 
of the clinical characteristics previously shown to be as- 
sociated with worsened survival. Nevertheless, adjust- 
ments for a number of these factors reduced the excess 
risk of death associated with antiarrhythmic treatment 
by only 50% (relative hazard from 1.41 to 1.17). 

Although the groups of patients exposed solely to 
quinidine or solely to procainamide appear equivalent 
with regard to baseline characteristics, mortality rates 
were significantly higher in those taking procainamide. 
During the years of this study, it is likely that the 
choice of quinidine or procainamide was primarily a 
function of physician preference — particularly regard- 
ing adverse effects — rather than dictated by a pa- 
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Always on Procainamide 
on Quinidine 


always on procainamide n=127 
always on quinidine n=115 






tient’s characteristics. Thus, it could be argued that the 
administration of procainamide or quinidine was essen- 
tially haphazard and that a comparison of these 2 
groups approximates that which would be obtained in a 
randomized trial. These analyses suggest that the 2 
drugs may not be equivalent in their adverse effect on 
mortality, a finding similar to that noted by others.28 

The use of 8 blockers, after adjusting for baseline 
patient differences, was associated with a marked re- 
duction in event rate. Although histories of myocardial 
infarction and congestive heart failure may not explain 
all baseline differences in left ventricular dysfunction 
affecting mortality, this finding suggests that treatment 
with 8 blockers, perhaps by altering ischemic thresh- 
olds, sympathetic overactivity and heart rate, may be 
protective in preventing sudden death. 

These observations should not be used or interpreted 
as definitive guidance about the use of antiarrhythmic 
therapy in patients at high risk for a lethal arrhythmic 
event. They should, however, be interpreted as a strong 
caution that the beneficial effect of antiarrhythmic 
therapy in high-risk patients is unproven for all antiar- 
rhythmics. We found no suggestion of improved out- 
come in patients for whom quinidine or procainamide 
were prescribed. The unfortunate risk/benefit ratio 
found for class I-C antiarrhythmic drugs used in the 
Cardiac Arrhythmia Suppression Trial? may well hold 
for other antiarrhythmic drugs,!°!2 even in patients at 
higher risk of arrhythmic events. 

Because antiarrhythmic therapy in most of these pa- 
tients was empirically prescribed without the guidance 
of programmed electrical stimulation, that aspect of 















FIGURE 5. Survival distributions adjusted 
for covariates including 6-blocker therapy. 
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care was not assessed here. Similarly, AICDs in these 
years were implanted in only a few patients. Despite the 
absence of these treatment modalities, patients resusci- 
tated in the more recent years had a better outcome 
even after adjusting for age and other factors (p = 
0.011) (Table III). 

In summary, we found no evidence for the empiric 
use of antiarrhythmic agents in preventing recurrent 
cardiac arrest. In fact, such drugs may be hazardous 
whether given empirically or even if therapy is guided 
by the results of programmed ventricular stimulation. 
The use of B-blocking agents in survivors of out-of-hos- 
pital ventricular fibrillation, although not definitely 
proven in this setting, can be recommended. Finally, we 
suggest that it is now appropriate and timely to consid- 
er the development of a randomized clinical trial to as- 
sess the benefits/hazards of antiarrhythmic drugs in 
such patients, preferably in resuscitated patients with 
implanted cardioverters /defibrillators. 
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Neurally Mediated Syncope Detected by Carotid 
Sinus Massage and Head-Up Tilt Test in 
Sick Sinus Syndrome 


Michee Brignole, MD, Carlo Menozzi, MD, Lorella Gianfranchi, MD, Daniele Oddone, MD, 
Gino Lolli, MD, and Antonio Bertulla, MD 


It is generally accepted that a positive response 
to carotid sinus massage (CSM) or head-up tilt 
(HUT) in patients affected by syncope suggests a 
reflex cause of the syncope. To study the role of 
the autonomic nervous system in causing synco- 
pe in the sick sinus syndrome (SSS), CSM and 
HUT were >erformed in 35 consecutive patients 
(20 men, mean age 70 + 9 years) with syncope 
and SSS. Results were compared with those in 
35 patients affected by syncope that, despite 
careful cardiovascular and neurologic examina- 
tion, were ef uncertain origin (21 men; mean age 
68 + 9 years) and with those of 35 subjects 
without syncope (20 men; mean age 69 + 10). 
All patients underwent CSM in the supine and 
standing pcsitions for 10 seconds and HUT to 
60° for 60 minutes. In the patients with SSS, the 
full reproduction of spontaneous symptoms by 
CSM occurred in 21 (60%) and by HUT, in 19 
(54%). At lzast 1 test was positive in 28 patients 
(80%): cardioinhibitory or mixed responses in 
69%, vasodepressor responses in 11%. The per- 
centages of positive tests in the patients with 
syncope of uncertain origin were similar to or 
slightly less than those of patients with SSS 
(CSM 63%. HUT 26%, overall 74%) with car- 
dioinhibitory or mixed responses in 54% and va- 
sodepressor in 20% (p <0.05). In control sub- 
jects, syncape was induced by CSM in 1 (3%) 
and by HUT in 2 (6%); overall positivity was 9%. 
In conclusion, in most patients affected by 
syncope and SSS, an abnormal neural reflex 
probably plays a major role in causing syncope. 
Because bradycardic patients have similar fea- 
tures to nonbradycardic patients, the autonomic 
disorder appears to be unrelated to sinus node 
dysfunction although the intrinsic dysfunction of 
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the sinoatrial node probably enhances the car- 
dioinhibitory reflex. 
(Am J Cardiol 1991;68:1032-1036) 


nus syndrome (SSS). A disorder of the automat- 
ic properties of the sinus node or a sinoatrial 
block are frequently considered the cause, but a direct 
association of spontaneous syncope with a bradyar- 
rhythmia of significance can rarely be observed, either 
during electrocardiographic monitoring or during elec- 
trophysiologic testing.!~4 
The importance of the influence of the autonom- 
ic nervous system over sinus node function is well 
known.”° Carotid sinus massage (CSM) and head-up 
tilt (HUT) are often used to elicit vasovagal reflexes. It 
is generally accepted that a positive response to one of 
these tests suggests a diagnosis of neurally mediated 
syncope in patients with no other detectable cause.7-!3 
CSM is frequently positive in patients with SSS.!4-!6 
HUT has not yet been widely studied in patients with 
SSS; in 1 study,!? HUT was positive in 14% of patients 
with asymptomatic sinus bradycardia. This study tests 
the hypothesis that autonomic nervous system disorders 
can be an alternative mechanism in causing syncope in 
patients with SSS. 


S yncope can occur in patients affected by sick si- 


METHODS 

Patients: A group of 35 patients with syncope and 
SSS was compared with a group of patients with synco- 
pe of uncertain origin with normal sinus rate and with a 
group of patients without syncope. All the patients un- 
derwent CSM and HUT. 

Sick sinus syndrome group: This group consisted of 
35 consecutive hospitalized patients affected by syncope 
and by SSS. Their clinical features are summarized in 
Table I. SSS was diagnosed on the basis of: (1) persis- 
tent, diurnal heart rate <50 beats min at rest (15 pa- 
tients) or, (2) abnormal electrophysiologic study in the 
case of intermittent or mild bradycardia <60 beats / 
min (20 patients). 
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(n = 35) 
69 + 10 





Age (yr + 1 SD) 














Men (%) 20 (57%) 
Structural heart disease (%) 21 (60%) 
Coronary artery disease (%) 5 (14%) 
NYHA class >| (%) 8 (23%) 
Abnormal ECG (%) 11 (31%) 
Echo-cardiac enlargement 18 (51%) 


Symptoms 
Associated presyncope (%) 
Mean no. of syncopal episodes + 1 SD 
Mean duration of symptoms (yrs + 1 SD) 
History of situational symptoms (%) 
Vasodepressor syncope* 
Micturition syncope 
Defecation syncope 
Cough syncope 
Swallowing or others 
Total trauma (%) 
Major trauma (fractures) (%) 






tp value <0.0 


Electrophysiologic study was performed both in the 
basal state and after autonomic blockade (propranolol 
0.2 mg/kg and atropine 0.04 mg/kg). Abnormal re- 
sults were considered!’:!®: intrinsic heart rate below 
normal range (intrinsic rate 118.1 — [0.57 X age] + 
18%); corrected sinus node recovery time >500 ms be- 
fore and >385 ms after autonomic blockade. 

Electrophysiologic study including autonomic block- 
ade was performed in 31 patients; in 4 patients with 
severe persistent bradycardia we performed a simplified 
electrophysiologic study including sinus node recovery 
time in the control state. 

Mean heart rate at rest was 53 + 10 beats/min, 
mean intrinsic heart rate was 65 + 10 beats/min (ab- 
normal in 15 patients), mean basal corrected sinus node 
recovery time was 976 + 1,156 ms (abnormal in 17 
patients), and mean intrinsic corrected sinus node re- 
covery time was 1,380 + 1,752 ms (abnormal in 28 
patients); overall intrinsic sinus node dysfunction was 
present in 29 of 31 patients who received autonomic 
blockade. In 3 patients, overdrive suppression after 
autonomic blockade induced asystolic pauses of 7.2, 6 
and 5.5 seconds, respectively, which caused dizziness. 

All patients underwent prolonged electrocardio- 
graphic monitoring of 224 hours’ duration; a bradyar- 
rhythmia that caused presyncope was recorded in 2 of 
the patients who had symptoms induced during sinus 
node recovery time (in 1 patient sinoatrial blocks and a 
sinus pause of 3.6 seconds, in the other a sinus slowing 
followed by a sinus arrest of 4.1 seconds). 


TABLE I Clinical Features of SSS Patients, Patients with Syncope of Uncertain Origin and Control Subjects 


No. of Control Pts. 





Poke peop tf syncope was supposed if a precipitating event such as fear, severe pain or instrumentation could be identified.4:5 


Uncertain group and control group patients were matched with SSS patients for age, sex and presence of structural heart disease. 
Echo = echocardiographic; ECG = electrocardiogram; SD = standard deviation; SSS = sick sinus syndrome. 


No. of Pts. with Syncope 
of Uncertain Origin 
(n = 35) 


No. of Pts. with SSS 
(n = 35) 










70+9 68 +9 
20 (57%) 21 (60%) 
23 (65%) 25 (71%) 

6 (17%) 9 (26%) 
11 (31%) 9 (26%) 
12 (35%) 15 (43%) 
21 (60%) 19 (54%) 
33 (94%) 28 (80%) 
3.5+4.1 42+43 
9.3+ 14.3 7:8 + 136 

9 (26%) 9 (26%) 

8 3 

2 4 

l 0 

O 2 

3 l 

5 (14%) 16 (46%)t 

2 (6%) 3 (9%) 







“Uncertain syncope” group: This group consisted of 
35 hospitalized patients affected by syncope of uncer- 
tain origin matched with the patients of the SSS group 
for age, sex and presence of structural heart disease. 
They were randomly selected by a computerized pro- 
gram (dBASE III PLUS software) from our data base 
of patients affected by syncope of uncertain origin. This 
data base consists of hospital in-patients affected by re- 
current severe syncopes in whom a diagnosis could only 
be presumed on the basis of a history of remote or re- 
cent syncopal episodes, suggesting a situational or neu- 
rally mediated syncope** or in whom syncopal origin 
remained totally unexplained. All patients underwent a 
careful standardized basic investigation including: (1) a 
complete history and physical and neurologic examina- 
tion performed by one of the investigators; (2) baseline 
laboratory testing; (3) 12-lead electrocardiography; 
(4) prolonged electrocardiographic monitoring of 224 
hours’ duration either by ambulatory or telemetry mon- 
itoring in a coronary care unit; (5) chest x-ray; (6) M- 
mode and 2-dimensional echocardiographic evaluation 
of cardiac function; and (7) definite evaluation of any 
clinical or historical finding suggestive of the cause of 
the syncope. 

Control group: The control group consisted of 35 
subjects without history of syncope, matched with the 
patients with SSS for age, sex and presence of structur- 
al heart disease (Table I). 

Induction tests: All patients and control subjects un- 
derwent CSM and HUT, in that order. The tests were 
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TABLE II Positive Responses (absolute number and percentage) to Carotid Sinus Massage and Head-Up Tilt in Control Subjects, and 


in Groups with Sick Sinus Syndrome and Uncertain Syncope 


Development of Syncope 


Carotid sinus massage (%) 
Head-up tilt (%) 
Carotid sinus massage or head-up tilt (%) 


“Comparison between control and sick sinus syndrome groups: p <0.05. 
tComparison between sick sinus syndrome and uncertain groups; p <0.05. 


Control Subjects (35 pts.) 


Sick Sinus 
Syndrome 


(35 pts.) Uncertain (35 pts.) 


21 (60) 
19 (54) 
28 (80) 


22 (63) 
9 (26)t 
26 (74) 


TABLE Iii Comparison Between Groups with Sick Sinus Syndrome and Uncertain Syncope 


No. of Pts. with SSS 


Positive Tests (n = 35) 


Positive carotid sinus massage 
Total positivity (%) 
Cardiainhibitory or mixed type (%) 
Vasodepressor type (%) 
Max. RR interval (ms + 1 SD) 
Lower systolic BP (mm Hg + 1 SD) 
Positive head-up tilt 
Total positivity (%) 
Asystale > 3 sec. (%) 
Cardio:nhibitory or mixed type (%) 
Vasodepressor type (%) 
Lower HR (beats/min + 1 SD) 
Lower’systolic BP (mm Hg + 1 SD) 


21 (60) 
20 (57) 
1 (3) 


80 + 23 


19 (54) 

4 (11) 

10 (29) 

9 (26) 
41+13 
ol: 3 


BP = blood pressure; HR = heart rate; Max. = maximal; SD = standard deviation; SSS 


performed in an isolated room, with patients in a non- 
fasting state, always in the morning between 8:00 and 
11:00 a.m. All cardioactive and vasoactive drugs were 
withdrawn. All patients and control subjects gave in- 
formed consent. 

Carotid sinus massage: Both right and left carotid 
sinuses were massaged in the supine and erect positions 
for 10 seconds during electrocardiographic monitoring 
and closer manual measurements of systolic blood pres- 
sure. The method is widely described in published re- 
ports.®.? 

Head-up tilt test!9-13.19; A manual tilt table with 
footplate support and <5 seconds’ travel time between 
0° and 60° was used. Patients were connected to a 
standard cardiac monitor for continuous evaluation of 
heart rate; frequent (every 5 minutes or more often) 
blood pressure measurements were performed by cuff 
sphygmomanometer. Heart rate and blood pressure 
were monitored during an initial period of supine rest 
for 10 minutes and during the subsequent period of 
HUT to 60° for 60 minutes or until syncope developed. 
As soon as syncope occurred, the patient was rapidly 
returned to the supine position. 

Definitions: Positive response to any induction test 
was defined as the development of syncope in associa- 
tion with bradycardia (or asystole), hypotension, or 
both. The test was not positive if the induced abnormal 


7,083 + 1,920 


No. of Pts. with Syncope 
of Uncertain Origin 


(n = 35) p Value 


22 (63) 
16 (46) 
6 (17) 
5,728 + 2,376 
77x19 


9 (26) 

0 (0) 

4(11) 

5 (14) 
42+6 
DIE 


= sick sinus syndrome. 





cardioinhibitory or vasodepressor reflex caused no, or 
mild, symptoms. 

Cardioinhibitory response during CSM was defined 
as the development of ventricular asystole lasting >3 
seconds, and during HUT as the development of ven- 
tricular asystole lasting >3 seconds or heart rate <45 
beats/min with a percent decrease >30% in baseline 
heart rate. Vasodepressor response was defined as a de- 
crease in systolic blood pressure to <80 mm Hg. Mixed 
response was defined as the association of both. These 
limits were arbitrarily chosen based on published re- 
ports and on our own experience that symptoms usually 
occur only when heart rate and blood pressure fall be- 
low these limits. 

Statistical analysis: Statistical analysis was per- 
formed by using analysis of variance or Fisher’s exact 
test, as appropriate. 


RESULTS 

In patients with SSS, CSM alone was positive in 9 
(26%), HUT alone was positive in 7 (20%) and both 
CSM and HUT were positive in 12 (34%); therefore 
overall positivity to at least 1 test was 80%. The results 
are listed in Tables II and III. A positive response to 
CSM or HUT was present: in all 3 patients who had a 
symptomatic prolonged intrinsic sinus node recovery 
time, in 12 of 15 patients (80%) with severe persistent 
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sinus bradycardia and in 25 of 29 patients (86%) with 
intrinsic dysfunction. 

Comparison between study groups: The clinical 
features of patients in the 3 study groups are summa- 
rized in Table I. Syncopal symptoms had similar char- 
acteristics in the group with SSS and in the group with 
uncertain syncope. In particular, a history of remote or 
recent syncopal episodes suggesting a situational vaso- 
depressor or neurally mediated syncope** was present 
in 26% of patients in both groups. 

Total positive responses to CSM and HUT tests in 
the 3 groups of patients are listed in Table II. A signifi- 
cantly greater percentage of positive responses to CSM 
and HUT was observed in the group with SSS and the 
group with uncertain syncope than in patients with no 
history of syncope; a greater percentage of positive 
HUT tests was observed in the group with SSS than in 
the group with uncertain syncope. 

The results of CSM and HUT in the group with 
SSS and in the group with uncertain syncope are 
compared in Table III: Cardioinhibitory reflexes were 
slightly but significantly enhanced in the SSS group in 
both tests. A cardioinhibitory or mixed response to at 
least 1 test was observed in 24 patients (69%) with SSS 
and in 19 patients (54%) with uncertain syncope, 
whereas a vasodepressor response was observed in 4 pa- 
tients (11%) with SSS and in 7 (20%) with uncertain 
syncope (p = 0.05). 


DISCUSSION 

CSM and HUT were positive in 80% of our pa- 
tients with syncope and SSS, a percentage similar to or 
higher than that observed in patients with uncertain 
syncope. Clinical characteristics of patients with SSS 
were very similar to those of patients with uncertain 
syncope, except for the presence of severe sinus node 
dysfunction. Thus, we can hypothesize that an abnor- 
mal neural reflex probably plays a major role in caus- 
ing syncope in 80% of patients with SSS and that syn- 
cope may be unrelated to sinus node dysfunction in 
these patients. The positivity to CSM and HUT was 
unrelated to the presence or absence of intrinsic sinus 
dysfunction or to the severity of sinus bradycardia be- 
cause it was seen in 86% of patients with intrinsic dys- 
function. Besides, a positive response to CSM or to 
HUT was also present in the 3 patients who, dur- 
ing electrophysiologic study, had postpacing asystolic 
pauses long enough to cause symptoms; therefore, in 
these patients, both intrinsic and extrinsic causes for 
syncope were likely to be present. 

A history of situational syncopes was present in 26% 
of our patients with SSS, which is the same percentage 
as that observed in patients with syncope of uncertain 
origin (Table I). A history of situational precipitating 


events suggests a neurally mediated cause of syncope 
rather than an intrinsic sinus node abnormality.*4 

A great puzzle concerning syncope in SSS is the 
fact that, when the sinus fails, there is no adequate atri- 
al, nodal or ventricular escape. A depressed automatic- 
ity of lower pacemakers is generally advocated; this 
study suggests that the autonomic nervous system is of- 
ten the likely vehicle for failure of escape rhythms. 
Moreover, a reflex mechanism for syncope in SSS can 
explain why the prognosis of patients with symptomatic 
SSS is similar to that in asymptomatic patients and 
why the occurence of syncope is unpredictable. 

We observed a greater prevalence of cardioinhibi- 
tory responses in the group with SSS than in the group 
with uncertain syncope with both CSM and HUT. 
Therefore, the intrinsic disorder of sinus node function 
appears to enhance the cardioinhibitory efferent reflex. 
An increased sensitivity of the sick sinoatrial receptors 
to acetylcholine has been demonstrated in the canine 
model.2° This concept has been previously emphasized 
by other investigators for the pathophysiology of the 
carotid sinus syndrome.*! Our results support this hy- 
pothesis for the HUT test too, since this proved positive 
in a greater percentage of patients with SSS than pa- 
tients with uncertain syncope. 

In 34% of patients, both CSM and HUT were posi- 
tive, thus raising the possibility that the abnormality 
that predisposes to syncope may involve the balance of 
afferent traffic from different receptor sites and may be 
the results of changes in gain at a local or central lev- 
el.2? It is not clear whether the demonstrated abnormal 
reflex responses were the only abnormal responses pres- 
ent in these patients. There may well have been other 
reflexes not tested that also might have resulted in the 
spontaneous symptoms. The association of positive re- 
sponses to different tests in the same patient has been 
previously reported. ’:!2:22 

In our patients with SSS, not all the induced syn- 
copes were cardioinhibitory: in 4 patients (11%), only 
dominant vasodepressor responses were elicited. These 
cases may explain why syncope seldom recurs in pa- 
tients with SSS treated with permanent pacing. In such 
patients, who are symptomatic only for a vasodepressor 
syncope, pacing therapy is probably not advisable. 
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Usefulness of the AHA Interval to Accurately 
_ Distinguish Atrioventricular Nodal Reentry from 
Orthodromic Septal Bypass Tract Tachycardias 


John M. Miller, MD, Mark E. Rosenthal, MD, Charles D. Gottlieb, MD, Joseph A. Vassallo, MD, 
and Mark E. Josephson, MD, with the technical assistance of T. Franz Orishimo, PE 


Surface electrocardiographic criteria may be in- 
adequate to distinguish some cases of atrioven- 
tricular (AV) nodal reentrant supraventricular 
tachycardia (SVT) from those with orthodromic 
SVT incorporating a posterior septal bypass 
tract (orthodromic SVT) because of similarities 
in P-wave morphology and timing during SVT. 
Invasive electrophysiologic studies may occa- 
sionally leave uncertainty in the correct diagno- 
sis, using currently accepted criteria. A new cri- 
terion for distinguishing these 2 forms of SVT 
was therefore devised and tested based on dif- 
ferences in the sequence of activation of the His 
bundle and atrium during SVT and ventricular 
pacing. Eighty-four patients underwent invasive 
electrophysiologic studies (60 with proved AV 
nodal SVT, 24 with proved orthodromic SVT), 
during which His to atrial (HA) intervals were 
measured during SVT as well as ventricular pac- 
ing at the same rate. The newly devised criteri- 
on, the delta HA interval (HApace — HAsvt) was 
found to accurately distinguish AV nodal SVT 
(AHA >0 ms) from orthodromic SVT (AHA <—27 
ms). An intermediate value of AHA = —10 ms 
was chosen which had a 100% sensitivity, speci- 
ficity and predictive accuracy in differentiating 
the 2 forms of SVT. A clear retrograde His po- 
tential during ventricular pacing, which is essen- 
tial for application of this criterion, was present 
in 78 of 84 (93%) cases. In summary, patients 
with AHA intervals >—10 ms separate AV nodal 
reentry from orthodromic SVT incorporating a 
septal bypass tract, and no overlap exists be- 
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tween the 2 groups. This criterion may be useful 
in differentiating the mechanism of SVT in cases 
in which distinction is not possible by other 
methods. 

(Am J Cardiol 1991;68:1037-—1044) 


may be due to a wide variety of mechanisms, 

including sinoatrial nodal or atrial reentry, auto- 
matic atrial foci, intra- or periatrioventricular (AV) 
nodal reentry, and orthodromic tachycardia involving a 
retrogradely conducting AV bypass tract. The avail- 
ability of localized surgical'~4 or catheter®© ablation has 
made accurate differentiation among these mechanisms 
of SVT imperative. Several methods have been pro- 
posed to distinguish which mechanism(s) may be oper- 
ative in an individual case, but overlap eften exists be- 
tween groups which may preclude definitive diagnosis. 
In some cases, differentiating between AV nodal SVT 
and orthodromic SVT using a posterior septal AV by- 
pass tract in the retrograde direction (orthodromic 
SVT) can be extremely difficult, even with invasive 
electrophysiologic studies. During SVT due to either 
mechanism, both P-wave timing relative to the surface 
QRS and the atrial activation sequence/P-wave mor- 
phologies can be identical. The sequences of His bundle 
and atrial activation are, however, fundamentally dif- 
ferent in AV nodal SVT and orthodromic SVT incor- 
porating a posterior septal bypass tract (Figure 1). 
During AV nodal SVT, impulses are already travelling 
back up the retrograde limb of the AV nodal circuit at 
the same time the His bundle is being activated (“par- 
allel” activation of the His and atrium), whereas the 
His and atrium are activated sequentially in orthodro- 
mic SVT (“‘series” activation). This is contrasted with 
the sequence of His and atrial activation during ventric- 
ular pacing, during which His bundle and atrium are 
activated in series in AV nodal SVT patients, and in 
parallel in orthodromic SVT patients. Because of these 
differences, the His-atrial interval during ventricular 
pacing (HApace) is 2 the His-atrial interval during 
SVT (HAs) in AV nodal SVT; and the HApace must 
be much less than the HA,, in orthodromic SVT cases. 


Pas supraventricular tachycardia (SVT) 
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Based on these differences in activation of His and atri- 
um, we designed and tested a protocol to accurately 
distinguish these 2 forms of SVT. 


METHODS 

The study group consisted of 84 patients who under- 
went invasive electrophysiologic studies for diagno- 
sis and management of previously documented SVT. 
There were 40 men and 44 women in the study (mean 
age 43 + 17 years [range 10 to 78]). Twenty-four pa- 
tients (17 men, 7 women) were diagnosed as having 
SVT using a retrogradely conducting posterior septal 
AV bypass tract (20 of whom had manifest Wolff-Par- 
kinson-White syndrome with delta waves in each con- 
sistent with a posterior septal bypass tract location’). 
The diagnosis of orthodromic SVT was made based on 
the following: (1) an atrial activation sequence during 
SVT identical to that during ventricular pacing, with 
earliest atrial activation at the coronary sinus os or low 
septal right atrium (all patients); (2) atrial activation 
during SVT beginning at or after the end of the surface 
QRS complex (all patients); (3) ability to advance atri- 
al activation with a premature ventricular extrastimulus 
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delivered during His bundle refractoriness, resulting in 
the same atrial activation sequence as during SVT 
(16 patients); (4) ability to terminate SVT with a pre- 
mature ventricular extrastimulus delivered during His 
bundle refractoriness, which did not result in atrial acti- 
vation (9 patients); and (5) a left bundle branch block- 
induced increase in ventriculoatrial intervals of 10 to 15 
ms, compared with the same interval during narrow 
QRS SVT (3 patients). Four patients had bypass tracts 
with long retrograde conduction times. 

The mechanism of SVT in the remaining 60 pa- 
tients (23 men, 37 women) was determined to be AV 
nodal SVT (some of whom were the subject of a previ- 
ous report),® based on: (1) demonstration of dual AV 
nodal pathways in the majority (53 of 60 patients); (2) 
a “midline” retrograde atrial activation sequence dur- 
ing SVT, identical to that during ventricular pacing, 
with the earliest atrial activation in the low septal right 
atrium (all patients); (3) atrial activation beginning be- 
fore the end of the surface QRS complex (57 of 60 
patients); (4) inability of premature ventricular extra- 
stimuli to advance atrial activation during SVT in the 
absence of His-bundle advancement; (5) absence of cri- 


SEPTAL BYPASS TRACT 


FIGURE 1. Ladder diagrams of the study hypothesis. Left, events during supraventricular tachycardia (SVT) and ventricular 
pacing at the same cycle length (400 ms) in a case of atrioventricular (AV) nodal reentry; right, similar diagrams depict the 
same events in a case of orthodromic SVT incorporating a posterior septal bypass tract. Atrium, AV node, His bundle and ven- 
tricle are shown as indicated; a bypass tract is depicted on the right by dashed diagonal lines. Arrows indicate the direction of 
impulse propagation. Upper left, events during AV nodal SVT, in which impulses go down a slow pathway/up a fast pathway 
and give off additional impulses to the atrium above and His bundle below. A small amount of AV nodal tissue extrinsic to the 
tachycardia circuit is shown immediately above the His. The His to atrial (HA) interval, measured from the onset of His activation 
to the activation in the atrium, is 80 ms, or slightly shorter than the actual amount of time spent in the retrograde limb of the 
SVT circuit. Lower left, ventricular pacing at the SVT cycle length, in which the atrium is activated via the retrograde limb of 
the SVT circuit after traversing the His bundle. The HA interval measured from the end of the His potential (before entering the 
AV node) to the same atrial deflection as before is 110 ms, or slightly longer than the time spent in the retrograde limb. Thus, 
the AHA (HApace — HAsyt) is >0. Upper right, SVT incorporating a posterior septal bypass tract is shown with impulses tra- 
anterogradely 


versing the AV node, His, and ventricle 


, and the bypass tract retrogradely. The HA (as measured in the lower left 


panel) is 200 ms. Lower right, ventricular pacing at the same cycle length (400 ms) results in atrial activation via the bypass 


tract, while at the same time 


are spreading toward the His bundle. The HA (as measured in the lower left panel) is 100 


ms. Thus, the AHA (HApace — HAsvt) is <0. Of note, both the ventricular pacing site and atrial recording site are outside the 


SVT circuit. 
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teria 3, 4 and 5 noted previously for patients with or- 
thodromic SVT. 

All patients underwent invasive electrophysiologic 
studies in a mildly sedated postabsorptive state at least 
5 half-lives after administration of any antiarrhythmic 
medication. Four or more 6Fr quadripolar electrode 
catheters (0.5 to 1 cm interelectrode distance) were in- 
serted percutaneously with local anesthesia through 
femoral and brachial veins and advanced under fluoro- 
scopic guidance to the right ventricular apex, high right 
atrium, AV junction and coronary sinus. The retro- 
grade atrial activation sequence was determined during 
ventricular pacing and SVT, and for the study protocol 
the coronary sinus catheter was withdrawn proximally 
(coronary sinus os). The study protocol consisted of ini- 
tiation of SVT using standard pacing techniques; after 
approximately 2 minutes, SVT was terminated by pac- 
ing and the SVT cycle length was measured and deter- 
mined to vary no >10 ms over a period of 30 seconds. 
The right ventricle was then paced at the SVT cycle 
length for approximately 1 minute. After this, SVT was 
reinitiated to assure stability of cycle length and inter- 
vals. In several cases, the absence of a reproducible His 
potential during ventricular pacing necessitated reposi- 
tioning either the His-bundle catheter or the right ven- 
tricular pacing catheter; in these cases, the entire proto- 
col was repeated, making recordings from the new 
catheter positions. 

Intracardiac signals were amplified and filtered 
` from 40 to 500 Hz, stored on magnetic tape and writ- 
ten on a Mingograf at paper speeds of 200 to 250 
mm/s. (Accuracy of measurements at these speeds is 
+ 2 to 3 ms). Measurements obtained during SVT 
were (1) SVT cycle length; (2) HA interval (HAsv), 


measured from the onset of the His deflection to the 
rapid deflection of the high right atrial electrogram; 
and (3) VA interval (VA,), measured from the onset 
of the surface QRS or earliest ventricular electrogram 
to the same high right atrial deflection. During ventric- 
ular pacing, the HA interval (HApace) was measured 
from the end of the His potential (where the impulse 
leaves the His-bundle to enter AV nodal tissue) to the 
same rapid deflection in the high right atrial electro- 
gram. The VA interval (VApace) was measured from 
the rapid deflection of the right ventricular pacing site 
electrogram to the same high right atrial electrogram 
rapid deflection. The high right atrial electrogram was 
chosen for clarity and reproducibility of measurement. 
Measurements were obtained on 3 to 5 consecutive cy- 
cles of SVT or pacing, with <3 ms variability in mea- 
sured intervals. The AHA interval, defined as (HApace 
— HAs), the AVA interval (VApace — VAsv) and the 
(HAgt — VApace) difference were calculated for each 
patient. Statistical analysis was performed using un- 
paired student’s ¢ test with a p value <0.05 considered 
significant. 


RESULTS 

All patients had reproducibly inducible hemody- 
namically stable SVT; cycle lengths of SVT for patients 
with AV nodal SVT were 220 to 600 ms (mean 364 + 
80), and 250 to 562 ms (mean 334 + 72) in patients 
with orthodromic SVT. The difference in mean SVT 
cycle lengths was not significant. 

A clear anterograde His deflection was present in all 
patients during SVT. A clear retrograde His deflection 
during ventricular pacing could not be detected in 6 
patients (5 with AV nodal SVT, 1 with orthodromic 





FIGURE 2. Analog recordings from a patient with atrioventricular nodal reentrant supraventricular tachycardia. Surface leads I, 
aVF and V, are shown with intracardiac recordings from the high right atrium (HRA), proximal His bundle (HBE,), proximal cor- 


onary sinus (CS,) and right ventricle (RV); a time reference is shown. Left panel, supr 


is shown with a 


aventricular tachycardia is 
cycle length (CL) of 280 ms. The onset of the His deflection and HRA activations are denoted by vertical dotted lines. The His to 


atrial (HA) interval is 75 ms. Middle, ventricular pacing at the same cycle length reveals retrograde His 
ventricular 


preceding the 


deflection in the HBE, recording; a dotted line marks the end of the His deflection, and the HA measured from this 
line is 86 ms. Sinus rhythm is shown on the far right for comparison. Analog signals in this Figure and Figure 3 are traced from 


the original. H = His deflection; S = stimulus artifact. 
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SVT), or 7% of patients, despite multiple adjustments 
of catheter positions. In 4 additional patients with AV 
nodal SVT, ventricular pacing at the SVT cycle length 
resulted in His-atrial Wenckebach cycles and thus no 
HApace interval could be assigned. The overall yield of 
interpretable HA interval data was 51 of 60 patients 
with AV nodal SVT (85%), and 23 of 24 patients with 
orthodromic SVT (96%; p = not significant). 

Analog signals showing differences in HA intervals 
between pacing and SVT in a patient with AV nodal 
SVT are shown in Figure 2. Mean HA,y for this group 
of patients was 104 + 54 ms (range 19 to 362), and 
mean HApace was 127 + 61 ms (range 52 to 415). 
Mean AHA (HApace — HAsv) was 21 + 21 ms (range 
0 to 95). 

Analog signals from a patient with orthodromic 
SVT are shown in Figure 3. Mean HA,, in patients 
with orthodromic SVT was 241 + 70 ms (range 170 to 


450), whereas mean HApace in the same group was 151 
+ 78 ms (range 80 to 418). Mean AHA was —85 + 44 
ms (range —27 to —186). 

Individual values for HAgy:, HApace and AHA are 
plotted for both SVT groups in Figure 4. Analogous 
values for VA intervals during SVT and pacing as well 
as AVA are plotted in Figure 5. Values for HAs, 
AHA, VAs and AVA were significantly different at 
the p <0.01 level between the 2 groups (HApace and 
VApace did not differ significantly). Despite this statisti- 
cal separation, the AHA interval was the only variable 
that clearly distinguished the 2 groups of patients; all 
other variables exhibited some degree of overlap be- 
tween the 2 types of SVT. Allowing for some measure- 
ment variability, an intermediate value of AHA (—10 
ms) was selected which would clearly discriminate the 
2 types of SVT; AHA intervals <(more negative )—10 
ms were always orthodromic SVT, and those >—10 ms 





FIGURE 3. Analog recordings from a patient with supraventricular tachycardia (SVT) incorporating a posterior septal bypass 
tract. SVT is shown on the Jeft (cycle length 340 ms), with the His to atrial (HA) interval measured as 199 ms. Middle, ventricu- 
lar pacing at the SVT cycle length yields an HA interval of 105 ms. Sinus rhythm is shown on the far right for comparison. Ab- 


breviations as in Figure 2. 
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Tract 


FIGURE 4. His to atrial (HA) intervals during 


AV Nodal 
Reentry 





AHA Interval 
(ms) 


AV Nodal 


Septal Bypass 
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supraventricular tachycardia (HAsvr), ventricular pacing at the same cycle length 
(HApace), and the AHA (HApace — HAsyr) are shown in the left, middle and right panels, 
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were always AV nodal SVT. This value of AHA thus 
had 100% sensitivity, specificity and positive predictive 
accuracy. 

Because retrograde His potentials may not always 
be observed, the difference between HA,y and VApace 
was also analyzed. This index, which does not depend 





FIGURE 5. Ventriculoatrial (VA) intervals during supra 


ventricular 
length (VApace) and the AVA (VApace — VAsvt) analagous to Figure 4. 
all these measurements. 


AV = atrioventricular. 


FIGURE 6. A plot of the His-atrial interval 
during supraventricular tachycardia and 

ventricular pacing (HAsy1 — VApace), simi- 
lar to Figures 4 and 5. There is less over- 
lap between patient groups using this cri- 


on a retrograde His deflection and thus should be appli- 
cable to all cases of SVT, also yielded a relatively good 
distinction between the 2 patient groups (Figure 6). 
The mean (HAgy, — VApace) in patients with AV nodal 
SVT was —89 + 28 ms (range —174 to —42); for the 
orthodromic SVT group, the mean value was 17 + 42 
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tachycardia (VAsvr), ventricular pacing at the same cycle 
Significant overlap between the patient groups exists for 


(p<0.001) 
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ms (range —42 to 120). This difference was highly sta- 
tistically significant (p <0.001), but because there was 
some overlap between patients groups, this index did 
not completely distinguish the 2 groups. 


DISCUSSION 

A wide range of therapeutic modalities is currently 
available for treating patients with paroxysmal SVT, 
including antiarrhythmic drugs, antitachycardia pace- 
makers,’ and catheter and surgical ablation.!-6 Selec- 
tion of the proper form of treatment is therefore more 
dependent than ever on a definitive diagnosis of the 
mechanism of SVT. Arrival at the precise diagnosis can 
be difficult in some instances, especially when the dif- 
ferential includes AV nodal and orthodromic SVT in- 
corporating a retrogradely conducting posterior septal 
bypass tract. Several methods of discerning the mecha- 
nism of paroxysmal SVT have been proposed !9-22: 

ANALYSIS OF P WAVES ON THE ELECTROCARDIOGRAM: 
This method can result in >80% diagnostic accura- 
cy.'°!! However, because both timing and morphology 
of retrograde P waves during AV nodal and orthodro- 
mic SVT are similar (when visible), surface ECG crite- 
ria are not always capable of differentiating these 2 
mechanisms. 

CHANGES IN VENTRICULOATRIAL INTERVALS DURING 
BUNDLE BRANCH BLOCK: The observation of an increase 
in VA interval (and often SVT cycle length) in the 
presence of functional bundle branch block ipsilateral to 
the site of bypass tract insertion into the ventricle (in 
the case of a posterior septal bypass tract, left bundle 
branch block), compared with narrow complex SVT, 
is diagnostic for participation of the bypass tract in 
SVT.!'4!5 However, patients with orthodromic SVT 
have an increase in VA interval with left bundle branch 
block aberration of <25 ms, and often no change is 
observed.!*!” Additionally, bundle branch block may 
not be observed during SVT to allow comparison of 
VA intervals. 

INTRODUCTION OF VENTRICULAR PREMATURE COMPLEX- 
ES DURING SUPRAVENTRICULAR TACHYCARDIA: Premature 
advancement of atrial activity (with the same activation 
sequence as Curing SVT) following a ventricular pre- 
mature complex, delivered while the His bundle is re- 
fractory, denotes the presence of a bypass tract, and 
strongly suggests its participation in SVT.!3:!4 The find- 
ing that a ventricular premature complex delivered dur- 
ing His refractoriness terminates SVT without resulting 
in atrial activation is diagnostic of participation of the 
bypass tract in SVT,!® but is infrequently observed. 
Additionally, Ross and Uther!? showed that a ventricu- 
lar premature complex delivered <50 ms before the ex- 
pected His deflection in SVT could always advance 
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atrial activity in orthodromic but not in AV nodal SVT. 
This criterion, although useful, depends on a relatively 
long SVT cycle length so that a premature ventricular 
beat can be delivered 50 ms before the expected His 
potential, while still being outside the ventricular effec- 
tive refractory period. 

RATIO OF H-A, (ATRIAL ECHO) TO A-H INTERVALS DURING 
SUPRAVENTRICULAR TACHYCARDIA: Akhtar et al2° found 
that a ratio of H-A, to A.-H (in the His bundle record- 
ing) of 1:>2.5 during SVT suggested AV nodal SVT. 
However, this criterion depends on a relatively short H- 
Ae interval; longer intervals, such as some in the present 
study (Figure 4), decrease this ratio into the range of 
orthodromic SVT. 

MEASUREMENT OF VENTRICULOATRIAL INTERVALS DUR- 
ING SUPRAVENTRICULAR TACHYCARDIA: Benditt et al?! 
found that a VA interval (measured to the earliest atri- 
al activation) of <61 ms was not observed in bypass 
tract SVT, although VA intervals >61 ms could be 
found in AV nodal SVT. Thus, this criterion, while use- 
ful, will not distinguish orthodromic from AV nodal 
SVT with relatively long retrograde conduction times. 
Our data confirm these findings. 

THE “PREEXCITATION INDEX”: Miles et al?? compared 
the coupling interval of ventricular premature complex- 
es, which advanced atrial activation in SVT, with the 
SVT cycle length. They found that when atrial activa- 
tion could be advanced with ventricular premature 
complexes (“‘preexcited”), a clear distinction between 
cases of AV nodal and orthodromic SVT was possible. 
Only a minority of patients with AV nodal SVT could 
be preexcited, however, rendering this criterion infre- 
quently applicable. Additionally, they suggested that 
bundle branch block aberration during SVT may limit 
the ability to apply the test. 

In summary, many of these criteria, which have 
been used to differentiate the mechanism of SVT, are 
either not specific enough to allow precise distinction of 
AV nodal from orthodromic SVT, or cannot be applied 
in a significant number of cases of SVT. 

The AHA interval as proposed in this study appears 
to be capable of complete differentiation of AV nodal 
from orthodromic SVT. This specificity is based on 
fundamental differences in the pathways of impulse 
transmission used during SVT and ventricular pacing. 
The AHA criterion is also more frequently applicable 
than many of the previously stated criteria: 88% of the 
patients in this series could be successfully analyzed us- 
ing this criterion. 

The AHA interval is also independent of the pres- 
ence of bundle branch block during SVT. Bundle 
branch block affects neither the HA,,, nor the HA pace 
in cases of AV nodal SVT and likewise would not af- 
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fect HApace in orthodromic SVT. Because posterior 
septal bypass tracts insert into the posterior superior 
process of the left ventricle,!!7 only left bundle branch 
block aberration affects intervals during SVT, resulting 
in an increase in HAs (possible increases in both HV 
and VA intervals due to ipsilateral bundle branch 
block). The AHA (HA pace — HAsvt), an index which is 
<0, would be even more negative than without aberra- 
tion, further separating these cases from AV nodal 
SVT cases. 

Although the AHA criterion appears to be accurate, 
it cannot always be applied: A retrograde His deflec- 
tion was not discernable during ventricular pacing in 
7% of the cases in this study. We therefore evaluated 2 
other simpler criteria incorporating the VA interval 
during pacing, to assess their ability to differentiate the 
2 patient groups. The first of these, the AVA (VApace 
— VA,,), is not as precise as the AHA criterion in 
distinguishing the mechanism of SVT. This is probably 
because the right ventricular pacing site is remote from 
the SVT circuit in either patient group and thus a por- 
tion of the paced VA interval is composed of the time 
required for the paced wave front to arrive at a portion 
of the ventricle near or within the SVT circuit. 
The second additional criterion, the difference between 
HAsv and VApace, more accurately distinguished the 2 
patient groups than the AVA interval but overlap be- 
tween groups still existed. The reason for this imperfect 
discrimination between the 2 groups is likely due to the 
inherent lack of precision of the VApace interval as pre- 
viously noted. The HAs; — VApace criterion may be 
applied with this caveat in mind, however, in instances 
in which no retrograde His potential is visible during 
ventricular pacing. 

Study limitations: Although the AHA criterion ap- 
pears to be quite useful, it is not without limitations. 
Among these are (1) the ability to obtain an adequate 
retrograde His deflection during ventricular pacing. 
This is not always possible despite prolonged efforts at 
catheter positioning, and constitutes the most signifi- 
cant limitation to the use of this test. Retrograde His 
deflections during ventricular pacing generally appear 
before the local ventricular electrogram in the His bun- 
dle tracing, and may be confirmed by the introduction 
of ventricular premature complexes that cause the His 
deflection to occur after the local ventricular electro- 
gram. Pacing from different right ventricular sites 
(midseptum) may allow earlier penetration into the 
His-purkinje system and facilitate observation of a ret- 
rograde His deflection. (2) Retrograde activation of the 
atrium during ventricular pacing in patients with ortho- 
dromic SVT may not be over the bypass tract, but 
could proceed preferentially over the AV node, leading 


to earlier atrial activation over this pathway than over 
the bypass tract. If this were the case, the HApace 
would be shorter than that observed if the atrium were 
activated via the bypass tract. This would yield a more 
negative AHA interval, and thus greater separation 
from the AV nodal SVT range of AHA intervals. 
Thus, the criterion is independent of the pathway of 
retrograde atrial activation in cases of orthodromic 
SVT. (3) The criterion does not distinguish single from 
multiple bypass tracts, but only suggests the presence of 
at least 1 posterior septal bypass tract in SVT. As such, 
it is not a substitute for careful right atrial and coro- 
nary sinus mapping and close inspection of all available 
data to insure internal consistency and exclude the pres- 
ence of additional bypass tracts. 
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Distribution Patterns of Ventricular Premature 





Complexes in Long-Term Electrocardiographic 
Recordings and Their Usefulness in Disclosing 
Modulated Parasystole 


Goran Nilsson, MD, Hans Ahifeldt, PhD, Tom Ahrén, MSc, and Tommy Jonasson, MD 





Long-term electrocardiographic recordings from 
25 patients with abundant ventricular premature 
complexes (VPCs) were screened with a comput- 
er program for sequences of interectopic inter- 
vals with the number of sinus beats consistent 
with manifest or concealed bigeminy/trigeminy. 
On average, 19.0% of VPCs in this patient se- 
ries were followed by an uninterrupted sequence 
of >10 interectopic intervals with concealed bi- 
geminy. The corresponding figure for concealed 
trigeminy was 2.2%, for manifest bigeminy 
9.6%, and for manifest trigeminy 0.8%. The 
longest sequence with concealed bigeminy com- 
prised 149 interectopic intervals. The corre- 
sponding figure for concealed trigeminy was 135 
interectopic intervals. The sequences of con- 
cealed bigeminy occurred at significantly lower 
heart rates than those of concealed trigeminy. 
These findings can be explained by the entrain- 
ment phenomena described in experimental mod- 
els of modulation of a ventricular parasystolic fo- 
cus across a zone of impaired conduction. 

(Am J Cardiol 1991;68:1045-1048) 
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ten distributed in simple, regular rhythmic pat- 
terns such as manifest bigeminy and trigeminy 
or in the corresponding complex distribution patterns, 
concealed bigeminy and concealed trigeminy.! In a pre- 
vious study, we reported that manifest and concealed 
bigeminy occurred on average at lower heart rates than 
did manifest and concealed trigeminy.* This finding 
supports the hypothesis that such distribution patterns 
constitute clinical counterparts to the 2:1 and 3:1 en- 
trainment experimentally demonstrated by Moe et al? 
and Jalife and Moet during electrotonic modulation of 
a parasystolic focus across a zone of impaired conduc- 
tion. Our previous analysis implied a computer-assisted 
overall summation of the number of interectopic inter- 
vals including the same number of sinus beats at differ- 
ent heart rates in routine 24-hour Holter recordings. 
In this report, we describe the occurrence of uninter- 
rupted sequences of manifest or concealed bigeminy as 
well as manifest or concealed trigeminy. The investiga- 
tion was computer-assisted and performed in 3 steps: 
(1) Determination of the fraction of VPCs followed by 
a sequence of >10 interectopic intervals with the num- 
ber of sinus beats consistent with a manifest or con- 
cealed bigeminy pattern. VPCs followed by manifest or 
concealed trigeminy were studied in a similar manner. 
(2) A search for sequences with = 30 interectopic inter- 
vals with manifest or concealed bigeminy and manifest 
or concealed trigeminy, respectively, was performed. 
(3) The longest sequences with manifest or concealed 
bigeminy as well as with manifest or concealed trigem- 
iny were determined. A search for sequences with other 
peculiar characteristics such as concealed quadrigeminy 
was also performed. 


V ass premature complexes (VPCs) are of- 


METHODS 

Patients: Twenty-five consecutive 24-hour record- 
ings abundant in VPCs were selected for the study. The 
recordings had mainly been obtained because of palpi- 
tations. Recordings were included if they had, on aver- 
age, >1,200 VPCs/hour and if 223 hours of the 24- 
hour recording were of perfect technical quality. The 
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patients included in the study were 32 to 90 years old 
(mean 61). The ratio of men to women was 11:14. The 
clinical diagnoses were ischemic heart disease in 11 pa- 
tients, mitral valve prolapse in 3 and hypertensive heart 
disease in 1; in 10 patients no structural heart disease 
was found on routine clinical examination including 
echocardiography. 

Equipment and definitions: Analysis was performed 
with a computer-assisted semiautomatic system previ- 
ously described.° The accuracy of the computer system 
has previously been described.” A special computer pro- 
gram was developed for the study. For each VPC of the 
most frequently occurring morphologic type, the com- 
puter analyzed the number of interectopic sinus beats in 
a sequence of 10 consecutive interectopic intervals fol- 
lowing the index VPC. This VPC was approved for fur- 
ther analysis by the computer only if (1) all VPCs in 
the sequence were of the same morphology as the index 
VPC, (2) all supraventricular beats in the sequence 
were of sinus origin, and (3) the sequence contained no 
couplets or ventricular tachycardia. For each approved 
VPC the computer determined the number of sinus 
beats in the succeeding 10 interectopic intervals. Each 
approved VPC could then be categorized into the fol- 
lowing types: manifest bigeminy — each of the 10 in- 
terectopic intervals contained 1 sinus beat: concealed 
bigeminy (Figure 1) — each of the 10 succeeding inter- 
ectopic intervals contained an odd number of sinus 
beats and did not fulfill the criterion for mani- 
fest bigeminy previously described; manifest trigem- 
iny — each of the 10 succeeding interectopic intervals 
contained 2 sinus beats; concealed trigeminy (Figure 





a number of sinus beats fitting the series 2, 5, 8, 11, and so 
on. 


FIGURE 1. Continuous electrocardio- 
graphic recording illustrating concealed bi- 
geminy. The interectopic intervals contain 
only odd numbers of sinus beats. 


2) — each of the 10 succeeding interectopic intervals 
following this VPB type contained a number of sinus 
beats fitting the series 2:5:8:11 and so on, and did not 
fulfill the criteria for manifest trigeminy; approved 
VPCs that did not belong to these categories. 

The computer program also made it possible to se- 
lect all sequences of monomorphic VPCs containing 
only odd numbers of interectopic beats and lasting >30 
interectopic intervals. Such frequencies were called bi- 
geminy sequences. Trigeminy sequences were selected 
in an analogous way. They comprised sequences with 
= 30 interectopic intervals with a number of sinus beats 
fitting the series 2:5:8:11, and so on. In both the bigem- 
iny and trigeminy sequences, the computer measured 
the time intervals between the last 2 consecutive sinus 
beats before each interectopic interval. The mean of 
these time intervals was defined as the heart rate of the 
sequence. 


RESULTS 

Table I illustrates the occurrence of different types 
of VPCs. Concealed bigeminy and trigeminy are evi- 
dently not uncommon. We found it especially remark- 
able that, on average, 19% of all VPCs in these routine 
recordings were followed by 10 interectopic intervals 
with a concealed bigeminy pattern. The odds that 10 
interectopic beats in sequence should contain only odd 
numbers of sinus beats are 1 /1,024; binomial probabili- 
ty. In each recording, an analysis was performed for 
each separate hour. We could not discern any correla- 
tion between time in a 24-hour period and frequency of 
VPCs of the manifest or concealed bigeminy and tri- 
geminy type. Nor did these types of VPCs show any 
association with age, sex or type of heart disease. 

In 6 patients both bigeminy and trigeminy se- 
quences of =30 interectopic intervals were found (Ta- 
ble II). In each of these 6 patients, the heart rate of all 
bigeminy sequences was lower than that of all trigem- 
iny sequences, with the exception of | bigeminy se- 
quence in patient 4. This sequence had a faster heart 
rate than the trigeminy sequence with the slowest heart 
rate in this patient. Thus, a total of 159 of 160 bigem- 
iny sequences had a slower heart rate than any trigem- 
iny sequence in the same patient (p <0.001; binomial 
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TABLE I Fraction of Approved VPCs Followed by a Sequence of 10 Interectopic Beats with Manifest and Concealed Bigeminy and 
Trigeminy 


Approved 
VPCs 


A 
oco0coecCOoOoCoCoCCoOC Oo! 
_— 


CB = concealed bigeminy; CT = concealed trigeminy; MB = manifest bigeminy; MT = manifest trigeminy; VPCs = ventricular premature complexes. 


probability). The difference between the heart rate of 
bigeminy and trigeminy sequences was, on average, 25 
beats/min in this series of 6 patients (Table II). 

Miscellaneous observations: The longest sequence 
of the bigeminy type included 149 interectopic intervals 
with an odd number of sinus beats. The longest se- 
quence of the trigeminy type comprised 135 interectop- 
ic intervals with sinus beats belonging to the series 
2:5:8:11, and so on. Both the longest bigeminy and tri- 
_ geminy sequences were found in the recording from pa- 
tient 9, a 91-year-old woman with ischemic heart dis- 
ease. Patient 18, a 50-year-old man, had concealed bi- 
geminy sequences with many very long interectopic 
intervals exemplified by the following sequence of the 
number of interectopic beats: 1, 1, 9, 11, 17, 3, 15, 3, 
$3 ATPL A naa ES Sy se Hie 3, 2153; 
se ARC Bike ke ae as EN Pike ae pe as = NEATE MA I 
OFT. E Ra 1G oe We OOA E De. To Ss 

Patient 24, a 52-year-old man with hypertensive 
heart disease, had long sequences of concealed quadri- 
geminy with the number of sinus beats in the interec- 
topic intervals fitting the series 3, 7, 11, and so on (Fig- 
ure 3). One sequence, e.g., contained the following 
number of interectopic beats: 7, 7, 7,3, 11, 77, 11, 7, 7, 
E TTIE A Eo Site AET 2I es) AR by o 
AEEA Te AVS TAS Te TAT, TILAA, 7443. 








In trigeminy sequences with >30 VPCs, the interec- 
topic beats containing 2 beats were invariably in the 
majority. An example of a trigeminy sequence with a 
relatively large number of interectopic beats containing 
figures other than 2 in the series 2:5:8:11, and so on, 
was the following sequence: 8, 2, 2, 8, 2, 5, 2, 11, 2, 2, 
2 55 DS 0 S028 8 Sy 22, Sei ds ds 2505 ee oe EMS 
sequence was found in patient 1, who was a 58-year-old 
man with ischemic heart disease. 


DISCUSSION 
Concealed bigeminy and trigeminy were originally 
described in a few patients by Schamroth and Marri- 


TABLE Il Bigeminy and Trigeminy Sequences of > 30 
Interectopic Beats Found in the Same Patient 


Trigeminy 
Sequences 
(no.) 


Bigeminy 
Sequences 


Total number 160 44 


MHR = mean heart rate (beats/min). 
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ott.’ Concealed bigeminy and trigeminy are evident- 
ly not uncommon in consecutively selected recordings 
from patients with abundant VPCs. We consider it es- 
pecially important to point out that as many as 19% of 
the VPCs in our series were followed by 10 interectopic 
intervals of the concealed bigeminy type. 

It may be hypothesized that concealed bigeminy 
and trigeminy are clinical counterparts to the 2:1 and 
3:1 entrainment described by Moe et al? and Jalife and 
Moe? in their experiments on electrotonic modulation 
of an automatic focus across a zone of protection. En- 
trainment in the clinical setting implies that the intrin- 
sic rate of an automatic ventricular focus is modulated 
to an operative rate, which is coupled to the sinus rate 
in the simple ratios of, usually, 2:1 and 3:1. It is reason- 
able to assume that the sinus rate is often approximate- 
ly 2 or 3 times faster than the intrinsic rate of an auto- 
matic ventricular focus, thereby making 2:1 and 3:1 en- 
trainment possible. The phase response curve describing 
the modulating effect of sinus beats on ventricular ec- 
topic beats can be deduced in a step-by-step proce- 
dure.®’ 

The occurrence of bigeminy sequences at a lower 
heart rate than that of trigeminy sequences is also con- 
sistent with the hypothesis that VPCs in the 6 patients 


ses ete bet ce Geek mes Cae em 20 eae E 
NS ED oc ANE Sa eel ee vee TONS 
LECAR SEES Mee We part aoe ees (oat ad Wl 
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FIGURE 3. Continuous electrocardio- 
graphic recording from patient 24 illus- 
trating concealed quadrigeminy. The num- 
bers of sinus beats in the interectopic in- 
tervals follow the formula 4n — 1, where n 
is any positive integer. 






with both types of sequences depends on electrotonical- 
ly modulated ectopic foci that are counterparts to such 
foci in the experimental model.3:4 

Our previous study? implied a summation of inter- 
ectopic intervals with the same number of sinus beats in 
routine 24-hour electrocardiographic recordings. The 
present analysis of sequences of interectopic intervals 
confirms the principal finding in our previous study 
with another approach. 
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Left Atrial Afterload Mismatch in 
Hypertrophic Cardiomyopathy 


Hiroto Sanada, MD, Masami Shimizu, MD, Kuniyoshi Shimizu, MD, Yoshihito Kita, MD, 
Norihiko Sugihara, MD, and Ryoyu Takeda, MD 





To investigate left atrial (LA) booster pump func- 
tion in hypertrophic cardiomyopathy (HC), LA 
and left ventricular pressure-volume loops were 
estimated in 5 control subjects, 6 patients with 
essential hypertension and 11 patients with HC. 
Investigation of LA preload revealed that LA 
pressure and volume immediately before LA con- 
traction were both increased in patients with hy- 
pertension (10 + 5 mm Hg, 71 + 19 ml/m7?) 
compared with control subjects (7 + 1 mm Hg, 
59 + 6 mi/m2), and even more increased in pa- 
tients with HC (16 + 7 mm Hg, 81 + 25 ml/m?). 
Investigation of LA afterload revealed that the 
left ventricular chamber stiffness constant was 
higher in patients with hypertension (0.035 + 
0.015) than in control subjects (0.028 + 0.009), 
and even more increased in patients with HC 
(0.056 + 0.017). LA stroke work index was 
higher in patients with hypertension (116 + 34 
mm Hg - ml) and HC (115 + 19 mm Hg - ml) 
than in control subjects (87 + 23 mm Hg - ml). 
Investigation of LA ejection revealed that LA 
stroke index was higher in patients with hyper- 
tension (24 + 5 mi/m7) than in control subjects 
(18 + 4 ml/m2) and patients with HC (18 + 2 
mli/m2), and LA ejection fraction was lower in 
patients with HC (23 + 6%) than in control sub- 
jects (32 + 7%) and patients with hypertension 
(34 + 8%). In patients with HC, LA function 
curve showed a shift to the lower right, and LA 
stroke index was inversely correlated (r = —0.76) 
with LA afterload. This study suggests that LA 
booster pump failure due to LA afterload mis- 
match exists in HC. 

(Am J Cardiol 1991;68:1049-1054) 
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left ventricle and functions as a conduit for left 

ventricular filling. Additionally, during left ven- 
tricular systole, the left atrium functions as a reservoir 
for blood returning from the pulmonary vein. During 
atrial systole, the left atrium functions as a pump that 
actively ejects blood into the left ventricle.'~* 

Through its function as a booster pump, the left 
atrium effectively contributes to the left ventricular 
Frank-Starling mechanism without an increase in pul- 
monary arterial pressure.° In the presence of left ven- 
tricular systolic and diastolic dysfunction or mitral ste- 
nosis, all of which interfere with passive left ventricular 
filling, the booster pump function of the left atrium be- 
comes all the more important.®!° 

The pathophysiology of hypertrophic cardiomyopa- 
thy (HC) is characterized by increased impedance to 
diastolic filling with increased ventricular stiffness. An 
interesting question is whether the left atrial (LA) 
booster pump function is capable of sufficiently com- 
pensating for left ventricular early diastolic filling dys- 
function in the case of HC where left ventricular stiff- 
ness is greatly magnified. We investigated LA booster 
pump function in HC with respect to LA preload, af- 
terload and ejection characteristics. 


T he left atrium is positioned at the inlet to the 


METHODS 

Subjects: The study consisted of a control group of 
5 patients admitted for evaluation of chest pain in 
whom no abnormalities were found despite in-depth in- 
vestigation including cardiac catheterization and angi- 
ography. Additionally, we evaluated 6 patients with 
World Health Organization grades I and II essential 
hypertension (hypertension group) and 11 patients with 
HC (HC group). No significant differences in age or 
sex distribution were noted between the 3 groups (Ta- 
ble I). All patients had normal sinus rhythm, and pa- 
tients with coexisting angiographically confirmed signif- 
icant coronary artery stenosis or spasm, diabetes melli- 
tus or other endocrine disease, as well as those with 
other disorders affecting cardiac function, were exclud- 
ed. All patients gave informed consent before entering 
the study. There were no complications attributable to 
the investigative procedures. 

Cardiac catheterization and angiography: All| medi- 
cations were discontinued for 2 weeks before catheter- 
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TABLE I Clinical Characteristics and Hemodynamic Parameters 


IVS + PW 
(mm) 


Age (yr) 


& Sex (IVS, PW) 


Control Group 


1 35M (9,10) 

2 69M (10,10) 

3 67 M Si (11,11) 

4 5} F. 19 (10,9) 

5 33M 17 (8,9) 
Mean + SD 57 217 19+2 COSES TICA 


(13,14) 
(14,12) 
(14,12) 
(15,17) 
(13,12) 
(19,16) 
(15 + 2,14 + 2f) 


(21,13) 

Ai (25,12) 

$ 26 (15,11) 
t5 45 (22,23) 
16 27 (17,10) 
17 25 (12,13) 
18 32 (21,11) 
19 38 (25,13) 
20 39 (2217) 
21 40 (24,16) 
22 33 (19,14) 
Mean + SD 34 + 6f 


LV Filling Volume 
Before LA Contraction LVEF 
(ml/m2) (%) 


Time Constant 
T (ms) 


i “S > 

55 45 78 

37 57 77 

44 43 66 
437 50 + 6 Pe E 


(20 + 4ł,ł,14 + 4t) 


*p <0.05; fp < 0.01 compared with control group; tp <0.01 compared with hypertension group. 


IVS = interventricular septal thickness; IVS + PW = sum of the interventricular septal thickness and left ventricular posterior wall thickness; LVEF = 
LV Filling Volume Before LA Contraction = left ventricular filling volume before left atrial contraction; PW = 


Constant T = left ventricular relaxation time constant. 


ization. Right-sided heart intracardiac pressure and 
cardiac output, and then aortic pressure and LA and 
ventricular pressure, were measured, after which LA 
cineangiography, left ventriculography, biventriculog- 
raphy and coronary angiography were performed. 
Left-sided heart pressure measurements were ob- 
tained using a 4Fr transducer-tipped pressure monitor- 
ing catheter (model 110-4, Camino Laboratories, San 
Diego, California) and a digital pressure monitor (Ca- 
mino 420). To adjust the zero shift due to changes in 
measurement position and temperature during the pro- 
cedure, pressure measurements were made simulta- 
neously with a fluid-filled catheter.? LA and ventricular 
pressures were recorded at a paper speed of 250 mm/s. 
LA pressure measurements were performing by in- 
troducing the tip-micromanometer into the left atrium 
through the Brockenbrough catheter inserted transsep- 
tally or through the pigtail 8Fr catheter inserted from 
the left ventricle. LA cineangiography was performed 
by injecting 45 ml of contrast medium (iopamidol, 
Schering) into the pulmonary artery at a rate of 15 
ml/s. Biplane cineangiograms (anteroposterior and lat- 


left ventricular ejection fraction; 
left ventricular posterior wall thickness; SD = standard deviation; Time 





eral projections) were obtained at 60 frames/s. During 
left atriography, LA pressure was simultaneously re- 
corded. 

Left ventriculography was performed by injecting 
35 ml of contrast medium into the left ventricle at a 
rate of 10 ml/s bidirectionally in 30° right anterior 
oblique and 60° left anterior oblique projections. Dur- 
ing left ventriculography, left ventricular pressure was 
simultaneously recorded. 

Data analysis: Frame-by-frame LA volumes were 
calculated using an MSR Corporation model Sigma- 
5/E picture analyzer,'!:'!? and the LA volume-time 
curve was plotted through application of Fourier analy- 
sis. LA pressure-volume loop was obtained from LA 
volume-time curve and real-time LA pressure curve! 
(Figure 1). From the LA pressure-volume loop, LA 
volume and pressure immediately before onset of LA 
contraction were determined as indexes of LA preload. 
As indexes of LA ejection characteristics, LA stroke 
index during atrial contraction and LA ejection fraction 
during atrial contraction were determined. Additional- 
ly, the area enclosed by the A loop of the LA pressure- 


1050 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 


ro 


volume loop was determined as the LA stroke work 
index. !-!° 

Left ventricular pressure-volume relation was ob- 
tained from frame-by-frame left ventricular volumes 
and real-time left ventricular pressure curves during left 
ventriculography. Left ventricular pressure-volume re- 
lation during the late diastolic phase was fitted by an 
exponential function P = beKY, where P = left ventric- 
ular pressure, V = left ventricular volume, b, K = coef- 
ficient, and e = the base of the natural logarithm. The 
coefficient K was obtained as the left ventricular cham- 
ber stiffness constant.!3:!4 As indexes for LA afterload, 
left ventricular chamber stiffness constant and left ven- 
tricular end-diastolic pressure were used. 

For left ventricular wall thickness, the sum of the 
interventricular septal thickness and left ventricular 
posterior wall thickness was determined from the biven- 
triculogram.!5 As an index of left ventricular relaxa- 
tion, the relaxation phase pressure fall time constant 
T!6 was used. As an index of left ventricular diastolic 
function during early diastole, left ventricular filling 
volume before atrial contraction was determined.®’ 

Statistical analysis: Data from the 3 groups were 
compared by the 1-way layout analysis of variance. For 
factors showing significant differences, data from the 2 
groups were compared by the unpaired Student's ¢ test. 
Correlations between each factor were determined us- 
ing Pearson’s correlation. Statistical significance was 
defined as p <0.05. 


RESULTS 

Comparison of left ventricular wall thickness and 
indicators of circulatory function (Table I): Left ventric- 
ular wall thickness was significantly greater in the hy- 
pertension and HC groups than in the control group. 
Interventricular septal thickness was significantly great- 
er in the HC group than in the hypertension group. 
Left ventricular relaxation time constant was signifi- 
cantly prolonged in the HC group compared with the 
control group. Left ventricular filling volume before 
atrial contraction tended to be decreased in the hyper- 
tension group and was significantly decreased in the 
HC group compared with the control group. Left ven- 
tricular ejection fraction showed no significant differ- 
ences among the 3 groups. 

Comparison of left atrial afterload (Table Il): Both 
the left ventricular end-diastolic pressure and chamber 
stiffness constant tended to be greater in the hyperten- 
sion group than in the control group, and significantly 
greater in the HC group than the other 2 groups. 

Comparison of left atrial preload (Table Il): Com- 
pared with the control group, LA pressure immediately 
before LA contraction tended to increase in the hyper- 
tension group, and was significantly greater in the HC 


group. Similarly, compared with the control group, LA 
volume immediately before LA contraction tended to 
increase in the hypertension group, and was even great- 
er in the HC group. 

Comparison of left atrial ejection (Table Il): LA 
stroke index tended to be greater in the hypertension 
group than in the control group, whereas that in the 
HC group tended to be similar to that in the control 
group and significantly lower than that in the hyperten- 
sion group. There was no significant difference in LA 
ejection fraction between the control and hypertension 
groups, whereas in the HC group it was significantly 
lower than in the other 2 groups. 

Relation between left atrial preload and stroke in- 
dex (Figure 2): From the left ventricular Starling’s 
curve, the relation between LA volume immediately be- 
fore LA contraction and stroke index was investigated. 
Relationships in the combined control and hypertension 
groups and in the HC group each regressed to different 
parabolic curves. LA function curve was distinctly dif- 
ferent for the HC group, displaying a displacement to 
the lower right compared with that from the control 
and hypertension groups. 

Relation between left atrial afterload and stroke in- 
dex (Figure 3): An investigation of the relation between 
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FIGURE 1. A form of left atrial pressure-volume loop obtained 
from left atrial volume-time curve (horizontal axis) and simul- 
taneously measured left atrial pressure curve (vertical axis). 
The pressure-volume loop consists of an A loop on the /eft and 
a V loop on the right. The area of the shaded region ex- 
presses left atrial stroke work. Left atrial ejection fraction is 
equal to left atrial stroke volume divided by left atrial volume 
immediately before onset of left atrial contraction. LASI = left 
atrial stroke volume index which is equal to minimum left atri- 
al volume index subtracted from LAVd; LASWI = left atrial 
stroke work index; LAVd = left atrial volume index immediate- 
ly before onset of left atrial contraction, namely, left atrial 
volume index at the “‘diastasis”’ of the left atrium; LAVmin = 
minimum left atrial volume index. 
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21 17 0.048 11 
22 29 0.039 8 
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left ventricular chamber stiffness constant and LA 
stroke index demonstrated a negative correlation in the 
HC group, whereas values were placed at the upper left 
in the control and hypertension groups, demonstrating 
no significant correlation. 

Comparison of left atrial work (Table Il, Figure 4): 
Compared with the control group, there was a tendency 
toward increased values for LA stroke work index in 
the hypertension and HC groups. An investigation of 
the relation between left ventricular chamber stiffness 
constant and LA stroke work index demonstrated a 
positive correlation in the combined control and hyper- 
tension groups. In the HC group, values were found at 
the lower right of the regression line. 


DISCUSSION 

Left ventricular wall thickness, which is considered 
to exert a significant influence on left ventricular dia- 
stolic function,'’ was increased in the hypertension and 
HC groups compared with the control group. Left ven- 
tricular relaxation time constant was prolonged in the 
HC group compared with the control group. Investiga- 





pared with control group; tp <0.05; §p <0.01 compared with hypertension group. 
LA Presystolic Pressure = left atrial pressure immediately before left atrial contraction; LA Presystolic Volume = left atrial volume immediately before left atrial contraction; LVEDP = 
left ventricular chamber stiffness constant; SD = standard deviation. 


TABLE II Indexes of Left Atrial Afterload, Preload, Ejection and Work 


Left Atrial Preload 


Left Atrial Ejection 


LA Presystolic Left Atrial Left Atrial Left Atrial 
Volume Stroke Index Ejection Fraction Stroke Work Index 
(ml/m?) (ml/m2) (%) (mm Hg.ml) 


Control Group 


Hr i ibe 
o 17 29 102 
59 19 32 105 
49 12 22 56 
59 + 6 18+7 32 +7 87 + 23 


53 18 34 99 
105 23 22 123 
72 25 34 85 
58 17 30 83 
71+ 19 24+5 34+8 116 + 34 






81 r ji É 
64 17 27 95 
60 18 30 154 
88 18 23 119 
61 15 25 129 
132 15 12 123 
77 21 27 126 
58 16 28 102 
72 17 24 103 
74 19 26 96 
81+ 25 18 + 2} 23 + 6*§ 115+ 19 








tion of early diastolic left ventricular filling revealed 
that left ventricular filling volume before LA contrac- 
tion tended to be lower in the hypertension group, and 
significantly lower in the HC group, compared with the 
control group. In left ventricular hypertrophy, left ven- 
tricular diastolic dysfunction is thought to relate to im- 
pairment of early diastolic left ventricular filling. 
During atrial systole, LA afterload is reflected by left 
ventricular diastolic dysfunction, as expressed by the 
tendency toward an elevated left ventricular end-dia- 
stolic pressure and chamber stiffness constant seen in 
the hypertension group, and the significantly increased 
values thereof in the HC group compared with the oth- 
er 2 groups. It can thus be seen that LA afterload was 
significantly greater in the HC group compared even 
with the hypertension group because of the high-grade 
left ventricular diastolic impairment in the former. 
Investigation of LA systolic preload revealed that 
LA pressure and volume immediately before LA con- 
traction were increased in patients with left ventricular 
hypertrophy. In patients with left ventricular hypertro- 
phy, reduced left ventricular filling before LA contrac- 
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tion is thought to result in increased LA presystolic 
pressure and volume. It has been experimentally dem- 
onstrated that the Frank-Starling mechanism is opera- 
tive with atrial myocardium just as with ventricular 
myocardium.!®:!9 Clinical data? also support this, as 
does the relation between LA preload and LA stroke 
index clarified in the present study. In the hypertension 
group, increased LA presystolic volume provided an in- 
creased LA stroke index, which is considered to be a 
compensatory mechanism maintaining left ventricular 
filling. In the HC group, however, LA stroke index and 
ejection fraction were decreased compared with those in 
the control or hypertension groups. LA function curve 
was shifted to the lower right in the HC group, reflect- 
ing the lower degree of improved LA stroke index pro- 
vided by the increased atrial preload. 

No significant correlation between LA afterload 
and LA stroke index was observed in either the control 
or hypertension group, but a negative correlation was 
observed in the HC group, with dislocation to the lower 
right compared with the other 2 groups. It is considered 
that because of preload reserve in the control and hy- 
pertension groups, even in the face of increased LA af- 
terload, LA ejection properties do not decrease in these 
groups, whereas in the HC group, because LA preload 
reserve reaches its limit and LA afterload mismatch 
exists, impaired LA ejection properties arise in response 
to increased LA afterload.° 

In the relationship between left ventricular chamber 
stiffness constant and LA stroke work index, increased 
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FIGURE 2. Plot of relation between left atrial volume immedi- 
ately before atrial contraction and left atrial stroke index. Pa- 
rabolas show respective second order polynomial regression 

curves in the combined control and hypertension groups and 

in the hypertrophic cardiomyopathy group. 


LA afterload in the HC group was not associated with 
a sufficient increase in LA work. The extent to which 
LA booster pump function can be enhanced is limited, 
and LA booster pump failure is particularly evident in 
patients with markedly increased atrial afterload in the 
HC group. 

Besides increased LA afterload, decreased LA con- 
tractility resulting in LA myocardial damage in pa- 
tients with HC is also thought to cause LA afterload 
mismatch. In patients with HC, the atrial muscle itself 
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FIGURE 3. Piot of relation between left ventricular chamber 
stiffness constant and left atrial stroke index. Solid line shows 
the regression line in the hypertrophic cardiomyopathy group. 
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FIGURE 4. Piot of relation between left ventricular chamber 
stiffness constant and left atrial stroke work index. Solid line 
shows the regression line in the combined control and hyper- 
tension groups. 
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may be involved in the process as an intrinsic muscle 
disease. This possibility requires further investigation. 

Hypertensive patients later in the course of their dis- 
ease were not included in this study owing to their renal 
dysfunction. If hypertensive patients whose left ventric- 
ular stiffness was equal to that of the HC group were 
studied, both of them might show the same LA hemo- 
dynamic profile. 

In the hypertension group, the increase in LA after- 
load results from chronic left ventricular pressure 
overload. In the HC group, it results from abnormal 
muscle mechanics. Further investigation is needed to 
determine whether these increased LA afterloads are 
merely quantitatively different or show some qualitative 
differences as well. 

We have investigated LA booster pump function in 
HC and compared these results with those in control 
subjects and patients with hypertensive left ventricular 
hypertrophy. LA preload and afterload were highest in 
HC, but were also increased in hypertension. LA work 
was elevated in both HC and hypertension, but LA 
ejection was lowest in HC. LA function curve was 
shifted lower and to the right in HC, and LA stroke 
index was inversely correlated with left ventricular 
chamber stiffness. We conclude that LA booster pump 
failure due to LA afterload mismatch is present in HC. 
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Determinants of Outcome in Hospitalized Infants 
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To identify determinants of adverse outcome in 
this era of early, definitive treatment, retrospec- 
tive data were analyzed for 1988 on infants 
aged <1 year with congenital cardiac disease 
hospitalized at The Johns Hopkins Hospital. In 
this cohort of 108 infants, 34% (37 of 108) had 
complex cardiac disease, 33% (36 of 108) had 
major extracardiac anomalies, 88 patients 
(81%) underwent 116 surgical procedures, 37% 
(40 of 108) were hospitalized for >28 days and 
29% (31 of 108) died during the first year. Uni- 
variate analysis showed that complex disease 
(i.e., severe ventricular hypoplasia, ventricular 
septal malalignment or outfiow atresia), extra- 
cardiac anomalies, early initial presentation, and 
prolonged stay in the intensive care unit were 
significantly associated with infant death, where- 
as surgery was associated with a significantly in- 
creased rate of survival. The findings for com- 
plex disease and surgery persisted in multiple lo- 
gistic regression analysis. It is concluded that 
outcome in most infants with congenital cardiac 
defects is now extremely favorable, and that ma- 
jor research and preventive efforts should focus 
on complex congenital cardiac defects. 

(Am J Cardiol 1991;68:1055-1059) 
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treated at younger ages than ever before. At least 

50% of definitive pediatric cardiac surgical proce- 
dures are now being performed before | year of age, 
with sharp declines in operative mortality since the ear- 
ly 1970s.! The newborn with transposition of the great 
arteries that is repaired early and who is discharged <3 
weeks after surgery is rapidly becoming the paradigm 
for newborns with serious heart disease. Unfortunately, 
however, a small proportion of hospitalized cardiac in- 
fants continue to have poor outcomes. Cardiovascular 
malformations still account for 44% of the prema- 
ture mortality associated with all congenital anomalies, 
which are themselves the fifth ranking cause of prema- 
ture death in the United States.2 Many published stud- 
ies have analyzed determinants of survival for specific 
defects and operative procedures,*~’ as well as the ef- 
fect of extracardiac anomalies on mortality. However, 
since the report from the New England Regional Infant 
Cardiac Program on determinants of 5-year survival,’ 
there has been little work on factors affecting survival 
in a cohort of infants requiring early hospitalization, or 
on the spectrum of cardiac disease severity in such a 
cohort. This study, therefore, analyzes the spectrum of 
disease severity and determinants of outcome among 
infants hospitalized during the first year of life for car- 
diac disease. | 


I nfants with symptomatic heart disease are being 


METHODS 

Patients: All infants <1 year of age with a cardiac 
diagnosis admitted to The Johns Hopkins Hospital 
Children’s Center in 1988 were identified retrospective- 
ly from the Pediatric Cardiology Data Base. We then 
obtained data on all other admissions and procedures 
between birth and 1 year of age, including those at oth- 
er hospitals. These admissions spanned the period May 
1987 through August 1989. Preterm infants whose sole 
diagnosis was persistent ductus arteriosus were exclud- 
ed, as were infants with nonstructural heart disease. 
Approval for the project was granted by the Hospital’s 
Joint Committee on Clinical Investigation. 

Data and data sources: The following data were ob- 
tained through review of inpatient records, patient 
charts in the Division of Pediatric Cardiology, and data 
files maintained by the Baltimore Washington Infant 
Study!9: name, race, sex, birth date, birthweight, gesta- 
tional age, source of medical insurance, time to diagno- 
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TABLE I Noneomplex Cardiac Defects: Associated Extracardiac 
Anomalies anc Mortality 
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Tetralogy 5 4 — 0 
with ECF l 1 0 
d-Transpostion 7 7 l 0 
with ECF 0 — — — 
TAPVR 2 2 — 0 
with ECE 1 l 0 
IAA 4 4 — 0 
with ECA 2 1 — l 
ECD 2 l — 0 
with ECA 8 3 1 4 
Valvar & stenotie 18 14 4 3 17% 
Aortic stenosi: 4 3 a= 1 
with ECA 0 — — — 
Pulmonary 2 l l 0 
stenosis 
with ECA l l l 0 
Coarctation 8 6 2 l 
with ECA 3 3 — l 
Septal & PDA 2116 3 5 24% 
VSD t2.. -10 l 1 
with ECA 7 5 l 3 
PDA l 1 — 0 
with ECA l — l l 
Total 76. 54 9 13 18% 





*Patient categorized as having definitive repair if ultimate procedure was definitive. 

ECA = extracardiac anomaly; ECD = endocardial cushion defect: IAA = interrupted 
aortic arch; PDA = persistent ductus arteriosus; TAPVR = total anomalous pulmonary 
venous return; VSD = ventricular septal defect. 






sis, age at first admission, age at surgery, type of sur- 
gery, number of admissions in first year, total hospital 
days in first y2ar,.total neonatal and pediatric intensive 
care unit days in first year, reason for admission (medi- 
cal management, surgery), cardiac diagnoses, extracar- 
diac defect(s) outcome at 1 year (alive or dead) and 
age at death. Data were coded on standard forms by a 
single reviewer (TMB) using the RBase statistical 
package, and were checked extensively for errors. Com- 
plete data were available for 98% (106 of 108) of the 
infants identif ed who met the study criteria. 

The primacy classification of heart defects used the 
hierarchical system adopted by the Baltimore Washing- 
ton Infant Stady.'° Each infant thus had 1 primary 
cardiac diagnosis based on the most recent cardiac 
record. In addition, the concept of a spectrum of sever- 
ity, as delinea-ed by Clark!! to characterize the range 
of cardiac disease resulting from specific embryologic 
mechanisms, was used as the basis for classifying cardi- 
ac disease as complex or noncomplex. In our study, 
complex cardiac defects were those that represented ex- 
treme outliers on the spectrum of severity: defects with 
marked ventricular hypoplasia, septal malalignment or 
outflow atresia. All other defects were classified as non- 
complex (Tabies I and II). Major extracardiac anoma- 









lies included chromosomal abnormalities (e.g., trisomy 
21), Mendelian and other syndromes (e.g., Noonan), 
other major anomalies (e.g., encephalocele),!2 and sig- 
nificant problems associated with preterm birth. 

Analytic methods: Univariate analyses were per- 
formed using chi-square techniques. !? A multiple logis- 
tic regression model was then generated to examine the 
effect of each independent variable on outcome while 
holding the remaining covariates constant.!415 The de- 
pendent variable was death in the first year of life. The 
independent variables were: complex lesion, extracar- 
diac anomaly, surgery, medical admission, intensive 
care unit stay, hospital stay, time to diagnosis, race, sex, 
birthweight and type of insurance. All tests of statistical 
significance were 2-tailed, and based on rejecting the 
null hypothesis at the p = 0.05 level. 


RESULTS 

Description of study population: A total of 132 in- 
fants <1 year old with a cardiac diagnosis were admit- 
ted to the Johns Hopkins Hospital Children’s Center in 
1988. Of these, 11 were preterm infants whose only 
cardiac diagnosis was persistent ductus arteriosus, and 
13 had nonstructural abnormalities (5 cardiomyopathy, 
3 tumor, 5 supraventricular tachycardia). These infants 
were excluded from the study. The remaining 108 in- 
fants form the study population. 

The racial distribution was 73% white (79 of 108) 
and 27% nonwhite (29 of 108), and the male:female 
ratio was 1.2:1. Mean birthweight was 3113 g (range 
640 to 4,608); mean gestational age was 39 weeks 
(range 28 to 43 weeks). The low birthweight rate (per- 
cent births <2,500 g) was 19% (21 of 108), and the 
preterm birth rate (percent births <37 weeks) was 9% 
(10 of 108). Information on insurance was missing for 
2 patients. Of the remaining 106, 30 (28%) had medi- 
cal assistance or were uninsured, and 72% (76) had 
some form of private health insurance. 

Cardiac diagnoses are listed in Tables I and II, and 
are the patients’ principal diagnoses based on the hier- 
archical system, and thus represent their most complex 
lesion. Subsidiary diagnoses are not shown. 

Major extracardiac anomalies were present in 33% 
of the study group (36 of 108); their frequency by car- 
diac diagnosis is presented in Tables I and II. Chromo- 
somal anomalies were present in 14% (15 of 108), of 
whom 67% (10 of 15) had trisomy 21. Syndromes were 
found in 9% (10 of 108) of patients, preterm birth with 
significant complications occurred in 4% (4 of 108), 
and 16% (17 of 108) had a variety of other major 
anomalies. More than 2 anomalies were present in 8% 
(9 of 108). Both complex cardiac disease and extracar- 
diac anomalies were present in 11% (12 of 108 ), while 
44% (47 of 108) had neither. 
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Median time to diagnosis was 7 days. A third of 
cases were diagnosed within 1 day after birth (32%; 35 
of 108), and over half (54%; 58 of 108) were diagnosed 
by 1 week of life. Consistent with this finding, 68% of 
the infants (73 of 108) were hospitalized for their cardi- 
ac disease in the neonatal period (<29 days of life). 

A total of 116 surgical procedures were performed 
on 88 patients. Of these, 76% (67 of 88) required only 
1 procedure in the first year of life, 17% (15 of 88) had 
2, and 7% (6 of 88) had 23. The majority (59%; 52 of 
88) of first surgical procedures were definitive. Open 
heart procedures were performed in 59 infants; 29 un- 
derwent closed heart procedures only. Median age at 
first surgery was 46 days (range | to 334 days), with 
22% (19 of 88) during the first week of life and 44% 
(39 of 88) within the neonatal period. 

Examining surgical procedures by complexity, we 
found that 60 infants with noncomplex disease had 68 
procedures, or 1.1 per patient, and only 7% (6 of 88) 
had 22 procedures. Conversely, 28 infants with com- 
plex disease underwent 48 procedures, an average of 
1.7 per infant, with 22 procedures performed in 54% 
(15 of 28). Of these 48 procedures, 37 were palliative 
(including 14 shunts, 5 bands, 3 coarctation repairs 
with band, and 4 Norwood stage I procedures), and 11 
were intended as definitive (including 1 transplant and 
2 repeat open repairs). The 20 infants who did not have 
surgery were a diverse group, including infants with hy- 
poplastic left ventricle and lethal chromosomal anoma- 
lies (trisomy 18), and those whose surgical repairs were 
postponed until after the first year of life. 

The 108 study patients had a total of 239 hospital 
admissions during the first year of life (mean 2, range | 
to 10). Many infants (46%; 50 of 108) had only | ad- 
mission, but 17% (18 of 108) had =4 admissions. The 
239 admissions resulted in 4,166 hospital days, with an 
average length of stay of 17 days. Hospital days totaled 
>28 for 37% (40 of 108) of patients. Infants with com- 
plex disease were more likely to have >28 inpatient 
days than infants with noncomplex disease, but this dif- 
ference was not statistically significant (49 vs 31%; 
p=0.11). Intensive care unit days totaled 2,676, or 
64% of all hospital days; 54% (58 of 108) had an inten- 
sive care unit stay of >7 days. 

Outcome: Overall mortality in the first year of life 
was 29% (31 of 108). Mortality data for noncomplex 
and complex diagnoses are presented in Tables I and II; 
the difference in mortality by complexity in the tables 
was significant (chi-square 9.5, p = 0.002). The highest 
mortality rate (58%; 7 of 12) was experienced by 
infants with both complex disease and extracar- 
diac anomalies; the lowest (6%; 3 of 47) occurred 
in the absence of either condition (chi-square 14.8, 
p = 0.0001). The mortality rate among infants with 


TABLE II Complex Cardiac Defects: Associated Extracardiac 
Anomalies and Mortality 


Definitive Palliative 
No. Surgery* Surgery Total Mor- 
of (no.of (no.of Proce- No.of tality 
pts.) pts.) dures Deaths Rate 















































Looping 


|-Transposition + Aneel 1 2 0 
Ebstein 
with ECA 0 — -= — — 
lvemark 2 — —— — 1 
Complex conotruncal 17 5 11 24 8 47% 
& major septation 
Tetralogy & PA SPA: 1 2 1 
with ECA 0 — — — — 
d-transposition& 1 — 1 2 0 
pulmonary 
stenosis 
with ECA 0 — -- — -— 
Double-outlet Sir ve 3 5 
ventricle 
with ECA 1 — 1 1 1 
Single ventricle 2 — 2 3 0 
with ECA 2 — 2 3 0 
ECD with mal- Biche oe 5 1 
alignment 
with ECA 1 — 1 l 0 
Atresias & 16. - 3 12 22 9 56% 
hypoplasias 
Hypoplastic LVt 5 1 4 7 4 
with ECA 3 — — — 3 
Hypoplastic RV} 4 — 4 6 0 
with ECA 1 — 1 3 l 
Shone variant 1 — 1 1 0 
with ECA 25 2 2 5 1 
Total af 39 24 48 18 49% 


*Patient categorized as having definitive repair in first year of life if ultimate 
procedure was definitive. 

+Category includes 5 patients with aortic valve atresia, 2 with mitral valve atresia 
and 1 with extreme mitral valve stenosis. 

+Category includes 4 patients with pulmonary valve atresia and 1 with tricuspid 
valve atresia. 
ECA = extracardiac anomaly; ECD = endocardial cushion defect; LV = left ventricle; 
RV = right ventricle; PA = pulmonary atresia. 






major extracardiac anomalies was 47% (17 of 36), 
compared with 19% (14 of 72) for infants with minor 
or no anomalies (chi-square 7.7, p = 0.005). Median 
age at death was 75 days (range 2 to 361). 

Infants who underwent =1 surgical procedure had a 
mortality rate of 20% (18 of 88), whereas those who 
did not undergo surgery in infancy had a mortality rate 
of 65% (13 of 20; chi-square 13.7, p = 0.0002). 
Both early diagnosis (<7 days) and a prolonged inten- 
sive care unit stay (>7 days) were significantly associ- 
ated with a higher risk of mortality (chi-square 8.5, 
p = 0.004; chi-square 4.3, p = 0.04). 

The multiple logistic regression model did not differ 
significantly from a “perfect” model, as measured by 
log likelihood (chi-square 86.8, degrees of difference 
94, p = 0.69) and goodness of fit (chi-square 89.4, de- 
grees of difference 94, p = 0.62) statistics, and demon- 
strated a correct classification rate of 81%. Complex 
disease was significantly associated with death by | 
year of age (p = 0.003, odds ratio = 6, 95% confidence 
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interval 2 to 19), whereas surgery (>21 procedure) 
was significantly associated with survival to 1 year 
(p = 0.02, odds ratio = 8, 95% confidence interval 1 to 
42). Extracardiac anomalies, highly significant in the 
univariate analyses, only approached significance in the 
multivariate model (p = 0.12, odds ratio 3, 95% confi- 
dence interval 0.8 to 8). The remaining variables (race, 
sex, birthweight, age at diagnosis, insurance type, medi- 
cal admission, prolonged intensive care unit stay [>7 
days], prolonged hospital stay [>28 days]) were not sig- 
nificantly associated with outcome. 


DISCUSSION 

Comparison of our findings with those of Fyler et 
al? nearly 20 years ago reveals similarities as well as 
differences. The l-year mortality rate is lower (29 vs 
approximately 38%) and, when specific cardiac defects 
are compared, the mortality differences are even more 
striking. For example, 1-year mortality rates for tetral- 
ogy of Fallot and transposition were 40 and 25% in 
their study, and almost none of these infants had suc- 
cessful open repair. In our study, there were no deaths 
among the 13 infants with these diagnoses, and all had 
successful anatomic correction. 

Like Fyler et al,? we found that complexity of cardi- 
ac defect was a significant determinant of poor out- 
come. There has been no consensus on definition of 
complexity across a study group. The definition used 
here is derived from morphogenetic studies!! and com- 
prises severe ventricular hypoplasia, ventricular septal 
malalignment and outflow atresia. Application of this 
definition, which combines groups of defects analyzed 
separately in most other studies, revealed a remarkably 
worse |-year survival in the complex group, as well as 
more surgical procedures and a higher incidence of pro- 
longed hospitalization. 

Our findings are consistent with previous studies 
showing that outcome for individual cardiac defects is 
affected by complexity,4?16-1? and may seem clinically 
intuitive, but there is increasing interest in rigorous sta- 
tistical documentation of clinical intuition.2° Moreover, 
it is valuable to document that surgical and medical 
advances have now made possible an extremely favor- 
able 1-year outcome in hospitalized infants with cardiac 
disease, including those with tetralogy and transposi- 
tion. Our findings also emphasize that complex defects 
still present a major challenge. In particular, the ex- 
tremely high mortality associated with hypoplastic left 
ventricle in our series (88%) highlights the continuing 
crucial importance of full discussion of the treatment 
options with parents. If larger studies confirm our find- 
ings, the defimition of complexity we have used could 
prove useful in future outcome comparisons of hospital- 
ized infants or in regional studies. 


1058 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


Both the disproportionate occurrence and effect on 
mortality of extracardiac anomalies in children with 
cardiac disease are well known. The incidence of such 
anomalies in our study, 33%, is consistent with other 
studies.*:!*7! The combined effect of complex disease 
and major extracardiac anomalies has not been investi- 
gated systematically. In our study, infants with both 
conditions had a mortality rate of 58%, compared with 
a rate of just 6% for infants with neither condition. De- 
terminants of mortality for infants between these ex- 
tremes require further study. 

Like Fyler et al,? we found that surgery exerts a 
significant influence on mortality rates in a multivariate 
model. The positive relation of surgery to successful 
outcome is illustrated most clearly by the changes in 
mortality for tetralogy and transposition. 

Unlike Fyler et al,? we found no significant associa- 
tion of birthweight with mortality. It is likely that im- 
proved management for low birthweight infants over 
the past 20 years is responsible for most of this differ- 
ence. In addition, our study excluded preterm infants 
with the sole diagnosis of persistent ductus arteriosus, 
and only 2 study infants weighed <1,500 g, the most 
high-risk group given current neonatal management. 

In an era of increasing concern over the health sta- 
tus of poor children, we were interested in the effect of 
socioeconomic status on mortality.22 Using insurance 
type as a proxy for socioeconomic status, we found no 
effect of this variable on outcome. Moreover, race had 
no significant influence on mortality. Although these 
data cannot be used to comment on access to care, they 
do suggest that once children with cardiac disease are 
admitted to a tertiary care center, their socioeconomic 
status does not affect survival. 

A possible limitation of this study is its small size, 
compared, e.g., with the various regional, population- 
based studies that have addressed similar questions.%23 
On the other hand, the strength of the study is that it 
includes a heterogeneous group of cases, defined and 
studied at 1 tertiary center. Moreover, we were grati- 
fied that the frequency of key variables was comparable 
to findings from other studies and that available statis- 
tical measures supported the appropriateness of our re- 
gression model for the data set. Further research as 
well as preventive efforts should focus on complex car- 
diac defects. 
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MISCELLANEOUS 


improvement in Exercise Capacity After 
Correction of Anemia in Patients with 
End-Stage Renal Failure 


Marco Metra, MD, Giuseppe Cannella, MD, Giovanni La Canna, MD, Tiziana Guaini, MD, 
Massimo Sandrini, MD, Mario Gaggiotti, MD, Ezio Movilli, MD, and Livio Dei Cas, MD 





Changes in exercise tolerance occurring after 
correction of anemia with recombinant human 
erythropoietin in a group of patients with end- 
stage renal failure were evaluated. 

Ten patients, aged 29 + 11 years, on chronic 
hemodialysis treatment, with no associated dis- 
eases, were evaluated by cardiopulmonary bicy- 
cle exercise testing and M-mode, 2-dimensional 
and pulsed doppler echocardiography before and 
after anemia correction. After 1 and 3 months of 
therapy, hemoglobin plasma levels increased 
from 5.9 + 1.2 to 7.7 + 1.3 and 9.9 + 1.4 g/dl, 
with a concomitant increase in peak oxygen con- 
sumption (VO2) from 21.4 + 4.3 to 24.4 + 4.3 
and 26.6 + 4.6 ml/kg/min and of VO; at the 
ventilatory threshold from 15.0 + 3.7 to 17.3 + 
3.7 and 16.8 + 3.4 ml/kg/min. After 3 months 
of therapy, systolic blood pressure significantly 
decreased both at peak exercise (159 + 35 to 
134 + 22 mm Hg) and ventilatory threshold 
(140 + 27 to 123 + 19 mm Hg), whereas cardi- 
ac index at rest decreased from 3.3 + 0.7 to 2.8 
+ 0.5 liters/min/m?2 and heart rate from 77 + 12 
to 70 + 10 beats/min. However, no significant 
relation was found between hemoglobin plasma 
levels and peak VO2, whereas a significant re- 
lation was found between hemoglobin concentra- 
tion and cardiac index at rest. 

(Am J Cardiol 1991;68:1060-1066) 
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nemia is generally considered one of the main 
A determinants of exercise capacity in patients on 
chronic hemodialysis.!-4 However, long-stand- 
ing anemia is compensated by an increase in cardiac 
output? and, to date, no significant correlation between 
exercise capacity and hematocrit has been found.!.2:6 


Uremic patients, on the other hand, often have associ- 


ated diseases and neuroendocrine and metabolic abnor- “ 


malities that can impair exercise tolerance by them- 
selves. !6-!10 Therefore, the role of anemia in determin- 
ing the reduced functional capacity in patients on 
chronic hemodialysis still remains to be established. 
Recombinant human erythropoietin is a new agent 
that can correct anemia in uremic patients with end- 
stage renal failure.'!.'* Therefore this agent allows as- 
sessment of the role of anemia in the functional impair- 
ment of uremic patients. 

In our study, we evaluated the changes of exercise 
capacity occurring after recombinant human erythro- 
poietin administration in a group of patients on chronic 
hemodialysis and correlated them with the hematologic 
and hemodynamic changes induced by anemia correc- 
tion. Exercise capacity was gauged using cardiopulmo- 
nary exercise testing which is the best method to quan- 
titate functional capacity,!3-!8 


METHODS 

Patients: The study group included 10 patients (8 
men and 2 women), aged 29 + 11 years (range 20 to 
58) selected among 130 followed up at the dialysis unit 
of our Nephrology Department. Patients had been 
treated with chronic hemodialysis (4 hours, 3 times 
weekly) for 20 to 177 months. Mean pretreatment he- 
moglobin concentration was 5.9 + 1.2 g/dl and all pa- 
tients had no cause of anemia other than renal failure. 
All patients underwent a preliminary clinical examina- 
tion, electrocardiography at rest and during exercise, 
mono-, 2-dimensional and pulsed Doppler echocardiog- 
raphy and pulmonary function tests. Patients with asso- 
ciated arterial hypertension, coronary artery disease, 
valvular heart disease, abnormalities of myocardial or 
pulmonary function, intermittent claudication, diabetes 
mellitus and musculoskeletal diseases were excluded 
from the study. All patients were on unrestricted diets. 
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The only medications given were vitamins, phosphate 
binders and iron supplements, when necessary. No 
changes in hemodialysis schedules were made during 
the study. 

Recombinant human erythropoietin administration: 
Recombinant human erythropoietin was administered 
intravenously at the end of each hemodialysis session, 
starting with a dose of 50 ng/kg body weight 3 times 
weekly. This dose was continued until each patient had 
hemoglobin levels of about 10 g/dl, and then was ta- 
pered off with dosage titrations every 2 weeks in order 
to keep hemoglobin values constant. 

Exercise testing: Before entry into the study, all pa- 
tients underwent >2 preliminary exercise tests with ex- 
piratory gas monitoring in order to familiarize them 
with the procedure and ensure stability of the results. 
Exercise tests were repeated up to the achievement of 
stable results with a variability of peak oxygen con- 
sumption (VO>) between the 2 last consecutive tests 
<2 ml/kg/min. Exercise tests were then performed be- 
fore and after 1 and 3 months of treatment on the 
morning of an interdialysis day. 

Exercise testing was performed with the patient sit- 
ting upright on a bicycle ergometer. After a minimal 
rest period of 10 minutes, exercise was begun with | 
minute of pedaling at 0 W with work load increments 
of 10 W every minute at a velocity of 50 rpm until 
limiting dyspnea or fatigue. Heart rate and rhythm 
were continuously monitored by the electrocardiogram; 
blood pressure was measured by standard cuff sphyg- 
momanometry. No patient had chest pain, arrhythmias 
or >1 mm of ST-segment depression on the electrocar- 
diogram. 

Expiratory gas analysis was performed throughout 
the exercise test with the patient breathing into a low- 
resistance 2-way valve (Hans-Rudolph model; dead 
space: 100 ml) with his nose clamped. Expired flow, 
oxygen and carbon dioxide partial pressures were con- 
tinuously monitored on a breath by breath basis using a 
2001 Medical Graphics System. From these data, VO), 
carbon dioxide production, minute ventilation, tidal vol- 
ume and respiratory rate were obtained. 

Peak VO, was calculated averaging VO, values of 
the final 30 seconds of exercise. Because of the wide 
differences of age, sex and weight of our study group, 
maximal exercise capacity was also expressed as per- 
centage of the observed peak VO, versus the predic- 
ted maximal values calculated using standard regres- 
sion formulas.!? Oxygen pulse was determined as the 
VO>/heart rate ratio. 

The ventilatory threshold was determined as the lev- 
el of VO, at which (1) an increase was observed in the 
ventilatory equivalent of oxygen without a simultaneous 
increase in the ventilatory equivalent of carbon dioxide, 


and (2) an increase was observed in end-tidal partial 
pressure of oxygen without a simultaneous decrease in 
end-tidal partial pressure of carbon dioxide. !7-18:20 

Echocardiography: Each patient underwent M- 
mode, 2-dimensional and pulsed doppler echocardiogra- 
phy at baseline and after 3 months of treatment. Echo- 
cardiographic studies were obtained with the patient at 
rest in the left lateral position on the morning of an 
interdialysis day using an HP Sonos 1000 echocardio- 
graph equipped with 2.5 and 3.5 MHz phased-array 
transducers. M-mode and Doppler tracings were con- 
tinuously recorded on a Honeywell system strip-chart 
recorder at paper speeds of 50 and 100 mm/s. The 
pulsed Doppler determination of stroke volume was ob- 
tained according to the “left ventricular outflow” meth- 
od.2! Cardiac output was calculated as the product of 
stroke volume and heart rate. Left ventricular end-dia- 
stolic and end-systolic diameters, thickness of the inter- 
ventricular septum and posterior wall were determined 
by M-mode echocardiography from 3 to 5 consecutive 
cardiac cycles according to the recommendations of the 
American Society of Echocardiography.” Left ventric- 
ular mass was calculated using the Penn-cube left ven- 
tricular mass method.” All tracings were read by a 
single, experienced observer (GLC) who was unaware 
of the subject’s identity and of the order in which echo- 
cardiograms had been performed. In our laboratory, 
the intraobserver variability in the estimation of stroke 
volume and left ventricular mass is 5.8 and 1.8%, re- 
spectively. 

Plasma volume was determined using the iodine- 
125-labeled serum albumin distribution volume ac- 
cording to a method described previously.74 Total blood 
volume was calculated from the plasma volume and the 
corrected peripheral packed cell volume. Hemoglobin 
concentrations were measured by routine laboratory 
methods. 

Statistical analysis: Comparison of control with 
post-treatment data was accomplished using analysis of 
variance for repeated measures; differences were con- 
sidered significant at p <0.05. When analysis of vari- 
ance indicated the presence of significant changes, Stu- 
dent’s ¢ test for paired samples with Bonferroni correc- 
tion for multiple comparisons was used to identify the 
sources of differences. Linear regression analysis was 
used to evaluate the relation between the changes in 
hemoglobin and exercise tolerance. All data are ex- 
pressed as mean + standard deviation. 


RESULTS 

All patients showed a significant increase in hemo- 
globin and hematocrit values. Mean hemoglobin level 
was 5.9 + 1.2 g/dl before treatment and increased to 
7.7 + 1.3 and 9.9 + 1.4 g/dl after 1 and 3 months of 
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recombinant human erythropoietin administration, re- 
spectively. Similarly, hematocrit increased from 17.2 + 
2.8 to 23.5 + 3.9 and 31.3 + 4.5% after 1 and 3 
months of treatment. 

Exercise testing: The respiratory and hemodynamic 
data obtained in the resting state, at the submaximal 
work load of 30 W, ventilatory threshold and peak ex- 
ercise before and after 1 and 3 months of recombinant 


TABLE I Respiratory and Hemodynamic Parameters at Rest 
Before and After One and Three Months of Treatment with 


Recombinant Human Erythropoietin 





Control First Month Third Month 

Oxygen consumption 302 + 118 324+109 292+ 59 
(ml/min) 

Oxygen consumption S.E 155 Sy de a A. 5.4+ 1.6 
(ml/kg/min) 

Carbon dioxide production 297 + 133 307+116 287 + 72 
(ml/min) 

Oxygen pulse a9 £13 3.8+19 3.5+0.9 
(ml/min/beat) 

Respiratory quotient 0.97 + 0.13 0.94 + 0.12 0.97 + 0.21 
(VCO2/VO2) 

Minute ventilation 13.6,24.1 - 13.6236 °14,1:2°4:6 
(liters/min) 

Respiratory rate 16+5 Ly 5 17+ 5 
(breaths/min) 

Tidal volume 875 +368 908 + 437 845+ 198 
(ml) 

Heart rate 94+17 89 +17 87,2 17 
(beats/min) 

Systolic blood pressure Liz +15 112+9 110.2 11 
(mm Hg) 

Diastolic blood pressure 71.42.10 76+ 10 75+8 
(mm Hg) 


VCO» = carbon dioxide output; VO? = peak oxygen consumption. 


TABLE II Respiratory and Hemodynamic Parameters at 
Work Load of 30 W Before and After One and Three Months of 


Treatment with Recombinant Human Erythropoietin 





Control First Month Third Month 

Oxygen consump- 600 + 114 611 +135 541 +73 
tion (ml/min) 

Oxygen consump- 107. £26 10:8: 2:2 9.82 1.5 
tion (ml/kg/min) 

Carbon dioxide produc- 529 + 150 536 + 162 500 + 85 
tion (ml/min) 

Oxygen pulse Bis tod? 5.9 + 1.7 5.4 + 1.0 
(ml/min/beat) 

Respiratory quctient 0.86+0.09 0.87+0.07 0.93+0.10 
(VCO2/VO 2) 

Minute ventilation 18.6 + 5.4 19,5 + 5/7 19.5 +53 
(liters/ min) 

Respiratory rate 18 +5 20+4 20. 7 
(breaths/min) 

Tidal volume 1,096 + 314 1,014 + 206 1,009+ 213 
(ml) 


Heart rate (beats/min) 115+ 14 107 + 37 103. + 17* 

Systolic blood pressure 128 + 17 125: 11 LIZA 13 
(mm Hg) 

Diastolic blood pressure 75'# 16 79 +9 76+8 
(mm Hg) 


Significance: *p <0.05 versus control values. 
Abbreviations as in Table |. 


human erythropoietin administration are listed in Ta- 
bles I to IV. 

In the resting state and at a work load of 30 W, no 
parameter was changed except for heart rate, which 
decreased significantly at a work load of 30 W after 3 
months of therapy (Tables I and II). Oxygen consump- 


TABLE Ili Respiratory and Hemodynamic Parameters at 
Ventilatory Threshold Before and After One and Three Months 
of Treatment with Recombinant Human Erythropoietin 


Control First Month Third Month 


Duration (sec) 335 + 83 435+ 100t 412 + 95t 

Work load (W) 49+15 65 + 18t 62 + 16t 

Oxygen consump- 827 +176 969+213t 934+ 192+ 
tion (ml/min) 

Oxygen consump- 15:0 +37 17.3 + 3.7* . 16:8:#.3.4f 
tion (ml/kg/min) 

Carbon dioxide produc- 829 +203 960+250* 949+218 
tion (ml/min) 

Oxygen pulse 6.4+1.2 7.6.2 LOS 7AE A a 
(ml/min/beat) 

Respiratory quotient 0.93 + 0.08 0.98 + 0.08 1.01 + 0.10 
(VCO2/VO2) 

Minute ventilation 254+47 31.0+65f 31.5+5.6t 
(liters/ min) 

Respiratory rate 22+4 250% 5 25.7. 
(breaths/min) 

Tidal volume (ml) 1,198 + 309 1,291+310 1,323 + 306 

Heart rate (beats/min) 129 + 18 129 + 19 123 2.17 

Systolic blood 140 + 27 137 + 20 123 + 19* 
pressure (mm Hg) 

Diastolic blood 76+ 16 79+9 75+8 
pressure (mm Hg) 


Significance: *p <0.05; tp <0.01 versus control values. 
Abbreviations as in Table |. 


TABLE IV Respiratory and Hemodynamic Parameters at Peak 
Exercise Before and After One and Three Months of Treatment 
with Recombinant Human Erythropoietin 


Control First Month Third Month 


Duration (sec) 577+122 630+177 =716+197* 

Work load (W) 88 + 21 97 + 31 113 + 32+ 

Oxygen consump- 1,192 + 329 1,355 + 352t 1,525 + 440f 
tion (ml/min) 

Oxygen consumption 214+42 244+4.3t 266+ 4.6t 
(ml/kg/min) 

% Predicted peak oxy- 55 +16 63) 2. 15t 70 + 15¢ 
gen consumption 

Carbon dioxide 1,400 + 456 1,564 + 498* 1,859 + 552+ 
production (ml/min) 

Oxygen pulse Techie Oak G4 25} ~29.8 + 2.71 
(ml/min/beat) 

Respiratory quotient (V 1.16+0.09 1.15+0.14 1.22 +0.08 
‘c02/VO2) 

Minute ventilation 46.5 + 18.6 51.4 + 19.7* 63.4 + 18.8t 
(liters/min) 

Respiratory rate 30 +4 32 4&6 36 + 12 
(breaths/min) 

Tidal volume (ml) 1,601 + 536 1,610 + 517 1,801 + 5697 

Heart rate (beats/min) 157+ 18 152 + 19 156 + 20 

Systolic blood pressure 159 + 35 149 + 25 134 + 22+ 
(mm Hg) 

Diastolic blood 80 + 18 78+9 75+8 
pressure (mm Hg) 


Significance: *p <0.05; tp <0.01; tp <0.001 versus contro! values. 
Abbreviations as in Table |. 
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tion, oxygen pulse and minute ventilation at both venti- 
latory threshold and peak exercise increased significant- 
ly after 1 and 3 months of recombinant human erythro- 
poietin administration (Tables II and IV). Particular- 
ly, VO; at the ventilatory threshold increased from 15.0 
+ 3.7 to 17.3 + 3.7 and 16.8 + 3.4 ml/kg/min, peak 
VO) increased from 21.4 + 4.2 to 24.4 + 4.3 and 26.6 
+ 4.6 ml/kg/min, and the percentage of predicted 
peak VO, increased from 55 + 16 to 63 + 15 and 70 
+ 15% after 1 and 3 months of treatment, respectively. 
Individual changes in peak exercise tolerance are seen 
in Figure 1. When an individual change in peak VO) of 
>2 ml/kg/min was considered significant, an improve- 
ment in this parameter over pretreatment values was 


mi/kg/min 


30 


observed in 6 of 10 patients after 1 month and in 9 of 
10 patients after 3 months of therapy. Among the he- 
modynamic parameters, a significant decrease in sys- 
tolic blood pressure was noted both at the ventila- 
tory threshold and at peak exercise after 3 months of 
therapy. 

No statistically significant relation was found be- 
tween hemoglobin levels and peak VO} evaluated both 
as absolute values (Figure 2) and as percent changes 
after recombinant human erythropoietin administra- 
tion, although a tendency toward a more significant re- 
lation could be found after 3 months (Figure 3). 

Echocardiographic and Doppler examination (Table 
V): Anemia correction was attended by a significant de- 





FIGURE 1. Individual changes in peak oxygen consumption (VO2), expressed both in absolute values (ml/kg/min) and as per- 
centage of maximal predicted values, and and changes in ventilatory threshold, assessed by the corresponding oxygen consumption 
recombinant human erythropoietin. 
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FIGURE 2. Lack of correlation between peak oxygen consumption (VO2) and hemoglobin levels (Hb) assessed both before and 
erythropoietin significant. 


after 1 and 3 months of recombinant human 


therapy. n.s. = not 
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Heart rate (beats/min) TA Aa kee 70 + 10* 

Stroke volume index 69+ 16 66 + 16 
(ml/beat/m2) 

Cardiac index 3.31 + 0.67 2.80 + 0.54* 
(liters/min/m2) 

Left ventricular end-dia- 


stolic diameter (mm) 

Interventricutar septum 
(mm) 

Left ventricular 
posterior wall (mm) 

Left ventricular FIS- +18 101 +19 
mass index (g/m2) 

Total blood volume 39:> 1.2 40+1.1 
(liters) 

Plasma volume (liters) 2.7 + 0.8* 





crease in cardiac index at rest, which was due to a de- 
crease in heart rate with no significant change in stroke 
volume index. Baseline left ventricular outflow tract 
and averaged time-velocity integrals, determined by 
pulsed Doppler left ventricular outflow method, were 
22.6 + 2.3 mm and 16.6 + 2.4 cm?, and did not 
change significantly. Left ventricular end-diastolic di- 
ameter, wall mass index and interventricular septum 
thickness were not significantly changed, whereas pos- 
terior wall thickness was slightly reduced. No signifi- 
cant correlation between the echocardiographic param- 
eters and peak VO) expressed both as absolute values 
and percent changes over pretreatment values was 
found. In contrast, hemoglobin values were significantly 
related to cardiac index (r = —0.73; p <0.001) (Fig- 
ure 4). 





FIGURE 3. Lack of correlation between percent changes in peak oxygen consumption (VO2) and hemoglobin levels (Hb) as- 
human erythropoieti significant correlation 


sessed before and after 1 and 3 months of recombinant 


n therapy. At 3 months a 


could have been detected if the patient in the low right corner of the graph (open square) was excluded (r = 0.80). n.s. = not 
significant 


CI (L/m'/m 2) 





FIGURE 4. Cardiac output index (Cl), as 
determined by pulsed-Doppler 2-dimen- 
echocardiography, and hemoglobin 
(Hb) concentrations for 10 uremic patients 
on dialysis before (squares) and after (cir- 
cles) 3 months of treatment with recombi- 
nant human erythropoietin for anemia. 
Cardiac index correlates significantly 
hemoglobin (r = 0.73; p <0.001). 
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DISCUSSION 

Our results show that correction of anemia with re- 
combinant human erythropoietin administration is at- 
tended by a significant improvement in exercise capaci- 
ty. In our study group, the increase in peak VO; aver- 
aged 20 and 25% after 1 and 3 months of treatment, 
respectively. These changes are similar to those report- 
ed in previous studies?5?ć but less than those reported 
in others.26-28 Differences in baseline hemoglobin val- 
ues and the presence of associated diseases in the other 
study groups probably account for these discrepancies. 
We carefully excluded patients with any associated dis- 
ease that could impair exercise tolerance by itself. In 
contrast, in previous reports 30 to 80% of the patients 
also had systemic hypertension, peripheral vascular dis- 
ease, coronary artery disease or diabetes mellitus,”°* 
or developed electrocardiographic signs of myocardial 
ischemia during exercise?°; these conditions, although 
related to anemia, can limit exercise performance by 
themselves. Our results show, for the first time, that 
in patients on hemodialysis, exercise tolerance is im- 
paired and can be improved by correction of anemia 
independently from the presence of associated dis- 
eases. 

Previous studies showed a lack of correlation be- 
tween hemoglobin levels and exercise capacity*®; we 
also did not find any significant relation between these 
2 parameters. Even a temporal dissociation between 
correction of anemia and improvement in exercise toler- 
ance was found in 4 of 10 patients showing, after | 
month of therapy, no increment in peak VO; despite an 
increase in hemoglobin. However, anemia correction 
appears the only possible cause of the increase in exer- 
cise capacity, since cardiac index and heart rate, which 
are among the other main determinants of function- 
al capacity,!3!7!8 either decreased or remained un- 
changed after therapy. Improvement in the correlation 
between the percent changes in peak VO, and hemo- 
globin after 3 months of therapy shows that it takes a 
relatively long time before changes in hemoglobin levels 
can improve functional capacity. 

A major limitation of our study is the small number 
of patients studied. This precluded any evaluation of 
the effects of age or gender on the results obtained and, 
moreover, this probably caused the lack of a significant 
correlation between the change in hemoglobin and the 
change in peak VO) after 3 months of therapy. How- 
ever, our study group was selected among a large group 
of 130 patients treated with dialysis and followed up at 
our hospital. The small number of patients studied was 
determined by our strict criteria of selection, since we 
evaluated only patients without any associated diseases; 
this allowed us to exclude possible influences on exer- 


cise capacity by any factor other than anemia and renal 
failure. 


Acknowledgment: We would like to thank Chiara 
Pioselli for her invaluable help in the preparation of the 
manuscript. 
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Combined Ambulatory Electroencephalographic 
and Electrocardiographic Recordings for 
Evaluation of Syncope 
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Evaluation of patients with syncope often in- 
cludes a battery of noninvasive tests. In this 
study, 45 patients (26 with suspected neurologic 
and 19 with suspected cardiac syncope) were 
evaluated with simultaneous 24-hour electroen- 
cephalographic (EEG) and 2-channel electrocar- 
diographic (ECG) recordings. Isolated cardiac 
rhythm abnormalities were noted in 21 patients, 
but none of these was symptomatic and no defin- 
itive arrhythmias occurred. Isolated EEG abnor- 
malities were noted in 11 patients, 5 of whom 
had EEG abnormalities consistent with seizure 
disorders. Simultaneous EEG and ECG abnor- 
malities were seen in 4 patients. In 2 cases, a 
previously unsuspected etiology for syncope was 
found: seizures in 1 patient with heart disease, 
and sinus pauses in another thought to have a 
seizure disorder. Thus, combined ambulatory 
EEG/ECG monitoring may prove useful in the 
evaluation of some patients with syncope. 

(Am J Cardiol 1991;68:1067-—1072) 
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cardiac and neurologic workups. Patient history 

may direct the evaluation if features suggesting a 
cardiac rhythm or seizure disorder are elicited. How- 
ever, etiology is not clearly evident.’ As a result, pa- 
tients have both cardiac and neurologic noninvasive as- 
sessments with low yield? and frequent repetition of 
studies. 

Recently, a technique of recording continuous am- 
bulatory electroencephalographic (EEG) information 
using a portable cassette recorder was developed.’ The 
ambulatory electroencephalogram records 7 leads of 
EEG information and 1 lead of electrocardiographic 
(ECG) information.* Despite its limitations, investiga- 
tors have found a higher yield of transient neurologic 
events in patients with clinical epilepsy but nondiagnos- 
tic electroencephalography at rest.>~’ 

This study evaluated the usefulness of ambulatory 
EEG monitoring in the diagnosis of syncope. The com- 
bination of 2-channel Holter and ambulatory EEG re- 
cording was used to enhance detection of arrhythmias. 
It was hoped that use of these tools in combination 
might enhance yield from noninvasive techniques. 


S yncope is a disorder that frequently involves both 


METHODS 

Patients were recruited from among those under- 
going evaluation for syncope at Cooper Hospital/Uni- 
versity Medical Center from June 1986 to January 
1989. Patients included those admitted to the Cardiolo- 
gy or Neurology Service with syncope. Some patients 
had witnessed events, and history was used to stratify 
whether a seizure or cardiac arrhythmia was the likely 
cause. Neurological evaluation included careful exami- 
nation and electroencephalography at rest in most pa- 
tients, and all patients underwent Holter monitoring ei- 
ther separately or as part of this study. A description of 
the procedure was provided to each patient, and con- 
sent was obtained. The Oxford Medilog 9000 ambula- 
tory EEG recorder was used, with 7 leads of EEG 1n- 
formation and | ECG channel. A modified V; lead was 
recorded as well as a standard adult montage consisting 
of 4 temporal, 2 frontal and 1 central lead for electro- 
encephalography. An additional 2 ECG channels were 
recorded using a modified lead I and Vs on an ambula- 
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TABLE I Patient Characteristics and Ambulatory Monitoring 


Results 
Neurologic Syncope Cardiac Syncope 
(n = 26) (n = 19) 
Mean age (range) 38 (11-87) 60 (25-85) 
Men/women 12/14 10/9 
Concurrent illnesses 
Organic heart disease 0 7 
Systemic hypertension 2 5 
Cerebrovascular acci- 0 1 
dent 
Subdural hematoma 2 0 
Previous saizure history 4 0 
None 17 8 
ECG findings 
Supraventricular tachy- 2 4 
cardias 
Pauses 2 0 
Nonsustained ventricu- 0 2 
lar tachycardia 
No abnornaalities 11 7 
EEG findings. 
Focal abnormalities 5 1l 
Nonspecific findings 2 4 
Normal 19 14 


ECG = electrocardiographic; EEC = electroencephalographic. 


tory ECG (Holter) monitor. Diary entries were made 
for both EEG and ECG monitors by the patients. 

Ambulatory ECG and EEG data were analyzed 
separately. The ambulatory electrocardiogram was 
scanned using the CardioData Mark IV digital Holter 
system with 6-second strips obtained at 25 mm/sec for 
symptomatic events or relevant cardiac arrhythmias. 
Ambulatory ECG information was interpreted by | 
cardiologist (LAB). 

Ambulatory EEG tapes were scanned at 20 to 60X 
real time, and hard copy was displayed on standard 
EEG paper at 30 mm/sec. Paper recordings of the data 
were reviewed by | neurologist (PLS). Symptomatic 
events were noted and correlated with ECG abnormali- 
ties. 

EEG abnormalities were defined as focal or nonfo- 
cal slowing, spike and wave complexes consistent with 
seizure activity, or other nonspecific abnormalities, such 
as 0 or 6 waves, inappropriate for age or state of alert- 
ness, but not definitely consistent with seizure activity. 

ECG abnormalities included sinus bradycardia <60 
beats/min, ectopic atrial rhythms, atrial tachyarrhyth- 
mias, nonsustained or sustained ventricular tachycar- 
dia, or pauses >2 seconds. Unless these events were 
associated with symptoms, they were not considered di- 
agnostic of a cause of syncope. 

Combined EEG and ECG abnormalities were said 
to exist when the patient experienced both an EEG ab- 
normality and a significant cardiac arrhythmia, as de- 
scribed previously, at the same time. These events were 
correlated with diary entries to assess the presence or 
absence of symptoms. 
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The patients were divided into 2 groups prospective- 
ly: those who were thought to have a high likelihood of 
neurologic events or seizure disorders (neurologic syn- 
cope); and those who were thought to have a high like- 
lihood of syncope related to cardiac arrhythmias, ortho- 
static hypotension or other cardiovascular causes (car- 
diac syncope), based on history and physical data. 


RESULTS 

There were 26 patients (average age 38 years) with 
suspected neurologic and 19 (average age 60) with sus- 
pected cardiac syncope (p = not significant) (Table I). 
Gender distribution was similar. Concomitant illnesses 
included hypertension, valvular heart disease, cerebro- 
vascular accident, subdural hematoma and previous sei- 
zure disorder. 

Eighteen patients had no cardiac arrhythmias de- 
tected by ambulatory monitoring. In the remaining pa- 
tients, one 11-year-old child had heart rates as low as 
48, and 2 adult patients had heart rates <40. One pa- 
tient had sinus tachycardia and 4 had runs of atrial 
tachycardia. Another patient had atrial tachycardia 
and atrial flutter. Two patients had sinus pauses; one 
had an isolated 1.8 second pause not thought to be clin- 
ically relevant, and the other had 2.5 and 2.6 second 
pauses associated with neurologic sequelae (discussed 
later). One 21-year-old patient had accelerated ventric- 
ular rhythm during monitoring. The significance of this 
finding is unclear. Two patients with suspected cardiac 
syncope had isolated runs of nonsustained ventricular 
tachycardia. Both of these patients underwent electro- 
physiologic study and had no inducible ventricular ar- 
rhythmia. One patient, also with presumed cardiac syn- 
cope, had multiple paroxysms of atrial fibrillation and 
was treated. There were 2 patients with preexisting 
pacemakers who had evidence of appropriate pacemak- 
er function by monitoring. 

Thirty-three patients had normal electroencephalo- 
grams despite 2 reporting seizures. One of these 2 had 
a witnessed seizure while undergoing an electrophysio- 
logic study, with no cardiac arrhythmia or EEG abnor- 
mality. Six patients had EEG abnormalities consistent 
with epileptiform activity, and 3 had focal or general- 
ized slowing. Two patients had unspecified abnormali- 
ties. One patient with presumed cardiac syncope had 
generalized seizure activity during EEG monitoring 
(Figure 1). This was not associated with a cardiac ar- 
rhythmia that could explain the symptoms. 

Simultaneous EEG and ECG abnormalities were 
detected in 4 patients. One 11-year-old boy had sinus 
bradycardia coincident left centrotemporal spikes (Fig- 
ure 2) suggesting a seizure focus. Sinus bradycardia 
and arrhythmia occurred simultaneously with the oc- 
currence of spikes, and did not occur at other times. A 
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23-year-old woman had consecutive sinus pauses up to 
2.6 seconds associated with EEG slowing during the 
symptomatic event (Figure 3). The pauses and EEG 
slowing both occurred after an episode of hyperventila- 
tion with the pauses preceding the onset of EEG slow- 
ing. The woman was unresponsive during this event. 


Two patients had atrial tachycardia, | associated with 
focal epileptiform activity and the other with right 
hemispheric suppression on electroencephalography. 

In all, combined ambulatory EEG and ECG moni- 
toring detected 2 patients with abnormalities that were 
not discovered by other testing: a 23-year-old presumed 
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FIGURE 1. Top depicts electroencephalographic (EEG) record and bottom ambulatory electrocardiographic (ECG) record of 65- 





- HR = 74 


=..........- 


year-old man referred for electrophysiologic evaluation for presumed cardiac syncope. During EEG recording, patient had a 


symptomatic event with EEG evidence of 


. epileptiform discharge. Note that ECG channel on 
tive. Electrocardiogram shows sinus rhythm with SVPBs. Symbols on /eft of 


was inopera- 
correspond to lead pairs re- 


corded. Numbers correspond to sites within these regions, with odd numbers on left side of head and even numbers on right 
side. C = central; F = frontal; HR = heart rate; Hypervent. = hyperventilation; O = occipital; SVPB = supraventricular premature 


beat; T = temporal. 
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to have seizures who had sinus arrest-causing symp- bulatory EEG recording has detected breakthrough sei- 
toms; and a 65-year-old with presumed cardiac syncope _zures as the cause of symptoms,°’ just as Holter moni- 


who had a seizure disorder. toring has revealed episodic arrhythmias as the cause of 4 
symptoms in patients with heart disease. Ambulatory 
DISCUSSION electroencephalography provides clinical information on 
Ambulatory EEG recording was developed for the a patient in his own environment, and perhaps more 
evaluation and follow-up of patients with epilepsy. Am- accurately reflects external stimuli that trigger seizures. 
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FIGURE 2. Top depicts electroencephalographic record and bottom ambulatory electrocardiographic record of 11-year-old boy 
with suspected seizures. Arrows indicate left centrotemporal spikes occurring in this region. Sinus bradycardia with marked si- 
nus arrhythmia developed simultaneously with occurrence of spikes. Electroencephalogram is coded as in Figure 1. Abbrevia- 
tions as in Figure 1. 
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graphic (ECG) record of 23-year- 
old with history suggesting partial 
complex seizures. Arrows indicate 
QRS complexes on ECG channel of 
electroencephalogram (EEG). Hy- 
perventilation precedes sinus 
pauses, followed by focal slowing 
on EEG. EEG is coded as in Figure 
1. One ECG lead became detached 
during this event as seen in 2 bot- 
tom panels. R = respiratory motion; 
other abbreviations as in Figure 1. 
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In this series. several patients showed a disturbance of 
cerebral funetion (i.e. EEG slowing) in association 
with a cardiac arrhythmia, suggesting that the neuro- 
logic event and cardiac arrhythmia were temporally re- 
lated. Other patients with ictal discharges alone had no 
related cardiac arrhythmia that could have explained 
the seizure. 

The incidence of cardiac arrhythmias sufficient to 
cause loss of consciousness in patients with epilepsy is 
unknown, but these patients have a higher incidence of 
sudden death than the general age-matched popula- 
tion.?-!! Death often occurs without evidence of seizure 
activity and is presumed to be arrhythmic.%!®%!2 

There also is little information correlating cardiac 
arrhythmias with EEG abnormalities. From data on 
patients with ventricular tachycardia!? or asystole,!4 
there is a delay in the appearance of EEG changes af- 
ter onset of cardiac arrhythmia suggesting that cortical 
function as measured by electroencephalography is pre- 
served until well after onset of hypotension. The tempo- 
ral relationship between electroencephalography and 
electrocardiography is often difficult to determine. 

Ambulatory electroencephalography has several 
limitations. First, the montage is limited to 7 EEG 
leads and must be adjusted to the suspected location of 
the ictal focus based on history. This may require a full 
electroencephalogram to direct monitoring to specific 
areas of the brain and may fail to detect abnormalities 
in subcortical structures or in the occipital lobe. Second, 
the ECG channel on the Oxford Medilog 9000 was 
frequently inoperative or artifactual, and in cases where 
complex cardiac arrhythmias were suspected, single 
lead ECG recording would have been inadequate. 

Inclusion ef combined ambulatory EEG/ECG re- 
cording in the noninvasive evaluation of syncope seems 
useful in a small number of cases. Bridgers et al!> re- 
cently reported a series of 207 patients evaluated for 
syncope with ambulatory electroencephalography alone 
and found a low yield of diagnostic abnormalities. The 


inclusion of a separate ECG monitor may aid in ar- 
rhythmia detection and may enhance yield. We recom- 
mend use of ambulatory EEG/ECG recording in pa- 
tients with persistently unexplained symptoms who un- 
dergo nondiagnostic routine electroencephalography or 
Holter monitoring, or both. 


Acknowledgment: Special thanks to Patricia E. Fa- 
miliar for assistance in preparation of the manuscript, 
and to Debbie Cremeens and Sallie Williams for assis- 
tance in patient recruitment and EEG processing. 
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Determination of Left Atrial Area and Volume by 
Cross-Sectional Echocardiography in 
Healthy Infants and Children 


Roland Hofstetter, MD, Peter Bartz-Bazzanella, MD, Heiner Kentrup, MD, 
and Götz von Bernuth, MD 


Part 1 of the study measured the end-systolic 


and end-diastolic left atrial (LA) areas and vol- 
umes in 30 children through sector echocardiog- 
raphy, and compared these values with those ob- 
tained with biplane angiocardiography. A strong 
correlation exists between the LA area in the 
frontal plane as determined by apical (r >0.91) 
and subcostal (r >0.98) echocardiography on the 
one hand and by angiocardiography on the oth- 
er. However, there is a slight underestimation of 
the LA area by the apical 4-chamber view. LA 
volume as determined by subcostal sector echo- 
cardiography in the frontal and sagittal plane 
also correlated well with LA volume calculated 
with biplane angiocardiography (r >0.97). Part 2 
of the study determined LA areas and volumes in 
74 healthy newborns and infants by echocardi- 
ography and related them to body weight and 
body surface area, thus obtaining normal values 
for this age group. The relation of the LA area 
and volume measurements in newborns and in- 
fants to body weight or surface area was best 
described by a linear function. The mean of the 
percentage of systolic-diastolic area diminution 
was 53 + 6% for the apical 4-chamber view and 
50 + 4% for the subcostal 4-chamber view. LA 
ejection fraction determined by the subcostal bi- 
plane volume measurements was 62 + 7% 
(mean + standard deviation). These values were 
independent of body weight or surface area. 

(Am J Cardiol 1991;68:1073-—1078) 
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ly used for the quantification of cardiac struc- 

tures. Studies on adults and children show a 
strong correlation of left ventricular volumes as deter- 
mined with sector echocardiography and angiocardiog- 
raphy.'-> Sector echocardiographic determination of 
the left atrial (LA) volume is faced with the problem 
that, because of its oval shape, consideration of only | 
plane might yield incorrect results. As early as 1958, 
Arvidsson* presented a biplane angiocardiographic 
method for calculating LA volume using 2 orthogonal 
diameters in the frontal and 1 diameter in the lateral 
plane. In 1964, Sauter et al° introduced the area-length 
method for calculating LA volume. In 1973, Arcilla et 
al® tested various algorithms to determine LA volume 
in children and found the best correlation (r = 0.98) 
between the angiographically determined and directly 
measured volumes of LA casts when using a modifica- 
tion of Sauter’s formula: V = (8/37) - Ag + An/Ds, 
where Afr = area in the frontal plane, Ay, = area in the 
lateral plane and D, = the shorter of the long diameters 
in both planes. The volume of the LA appendage could 
be disregarded. This study examines the validity of sec- 
tor echocardiographic LA area and volume determina- 
tions using apical and subcostal planes in 30 children 
undergoing diagnostic cardiac catheterization and an- 
giocardiography. Based on the results of this study, nor- 
mal values of LA area and volume were determined in 
healthy pre-term and full-term newborns and infants 
with a body weight <10 kg. 


C ross-sectional echocardiography has been wide- 


METHODS 

Patients: Thirty children aged 4 days to 7.5 years 
(mean age 2.5 years), undergoing diagnostic cardiac 
catheterization and biplane angiocardiography, were 
examined for the first study. For the determination of 
angiocardiographic areas and volumes, the frontal and 
left lateral angioframes were used after contrast injec- 
tions into the right ventricle or pulmonary artery. To 
calculate the x-ray magnification, a sphere with a di- 
ameter of 5 cm was filmed in the cardiac position at 
the end of the individual catheterization. After car- 
diac catheterization, the children were examined sector 
echocardiographically while still sedated with a custom- 
made mechanical sector-scanner (Ultramark 8, SMS) 


LEFT ATRIAL AREA AND VOLUME 1073 


TABLE I Comrelation Analysis Between Sector 
Echocardiographic (x) and Angiocardiographic (y) Volume and 
Area Determination of the Left Atrium 


No. of 
Pts. r a b SEE 


Angiocardiographic Volume Determination Versus Sector 
Echocardiographic Volume or Area Determination 


Sector echocardiographic volume determination (y = a - x + b) 
No. of 


0.99. 0.98 
0.98 


Sector echocardiographic area determination (y = a - x?) 


bipl. subcostal 29 
bipl. subcostal 29 


End-systolic 


End-diastolie 1.01 


No. of 
Pts. r2 


0.95 0.56 
0.95 0.76 
0.95 0.51 


Subcostal4CH 30 
Apical 4CH 30 
Subcostal4CH 30 


End-systolic 


End-diastolic 


Apical 4CH 30 084 0.94 1.32 0.27 


Angiocardiographic Area Determination Versus Sector 
Echocardiographic Area Determination 
Frontal projection (y = a: x + b) 


Subcostal 4CH 
Apical 4CH 
End-diastolic Subcostal 4CH 
Apical 4CH 


End-systolic 


Lateral projection (y = a- x + b) 


Subcostal 29 0.31 
cross-section 
Subcostal 29 


cross-section 


End-systolic 
End-diastolic 0.33 0.38 


bipl. = biplane; 4CH = 4-chamber view; SEE = standard error of the estimate. 





FIGURE 1. End-systolic (left) and end-diastolic (right) echocardiographic outli 
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using a 3.5, 5 or 7.5 MHz ultrasound transducer. Fol- 
lowing the recommendations of Tajik et al,’ the apical 
and subcostal 4-chamber views were recorded. Through 
a 80°-90° clockwise rotation of the transducer in the 
subcostal position, we obtained a cross-section of the 
left atrium in its sagittal plane as well. The transducer 
was angulated in order to visualize the left atrium in its 
largest cross-sectional area. The echocardiograms were 
stored on magnetic tape (Umatic, Sony) and analyzed 
using a commercial computer (Cardio 80, Kontron). 
From the apical and subcostal LA cross-sections the 
areas were determined, as well as the largest diameters 
of the left atrium, disregarding the orifice of the pulmo- 
nary veins and the LA appendage. The measurements 
were based on the inner edge convention, which defines 
the chamber border by identifying the innermost bright 
edge of echocardiographic reflections (Figure 1). The 
LA area was measured at end-systole corresponding to 
the largest area near the end of the T wave in the elec- 
trocardiogram or at the beginning of the mitral valve 
opening in the echocardiogram, and at end-diastole cor- 
responding to the smallest area at the onset of the QRS 
complex in the electrocardiogram or after mitral valve 
closure in the echocardiogram. We analyzed 3 consecu- 
tive cardiac cycles and took the average of the results 
obtained as a final value. The biplane angiocardio- 
graphic frames of the children were analyzed in the 
same way in order to obtain LA areas and diameters. 
LA volumes were calculated according to the formula 
of Arcilla et al® as previously described. 

For the second study, 74 healthy newborns and in- 
fants (body weight between 1,580 and 9,400 g) were 
studied sector echocardiographically in the same man- 


a P 





ne of the left atrium (LA) in the subcostal 4-cham- 


ber view. The longest diameter, beginning with the starting point (+), was calculated by the computer program. IVS = interven- 
tricular septum; LV = left ventricle; RA = right atrium; RV = right ventricle. 
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ner as described. For area calculation, the apical 4- 
chamber-view was available in all children. The subcos- 
tal 4-chamber view was available in 68 children. Two 
perpendicular subcostal views for LA volume calcula- 
tion were available in 30 children. To calculate the per- 
centage of systolic-diastolic area or volume diminution 
(ejection fraction), the end-diastolic area or volume was 
subtracted from the end-systolic value and divided by 
the end-systolic value. 
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FIGURE 2. Linear correlation analysis between the end-sys- 
tolic (Endsyst.) left atrial volume determined angiocardio- 
graphically and echocardiographically. SEE = standard error 
of the estimate. 
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Statistics: For comparison of the areas and volumes 
obtained by angiocardiography and sector echocardiog- 
raphy, respectively, a linear correlation analysis (y = a » 
x + b) was performed. For comparison of the angiocar- 
diographic LA volume and the echocardiographic fron- 
tal plane LA area, an exponential function (y = a - x?) 
was chosen. The angiocardiographic data were used as 
y values and the echocardiographic data as x values. To 
obtain normal values for newborns and infants, the re- 
sults of the second study were correlated with body 
weight and body surface area and depicted graphically. 
For area measurements the + 2 standard error of the 
estimate was chosen as range of normal containing 95% 
of all values. For the volume measurements, a percent- 
age confidence interval containing 90% of all measure- 
ments was chosen.’ 


TABLE Il Linear Correlation Analysis Between Body Surface 
Area or Body Weight (x) and Sector Echocardiographic Area or 
Volume Determination of the Left Atrium (y) 


Sector Echocardiographic Area Determination Versus 
Body Weight (y = a - x + b) 


End-systolic 
Apical 4CH 
Subcostal 4CH 
Subcostal 

cross-section 

End-diastolic 
Apical 4CH 
Subcostal 4CH 
Subcostal 

cross-section 


Sector Echocardiographic Area Determination Versus Body 
Surface Area (y = a x + b) 


End-systolic 
Apical 4CH 
Subcostal 4CH 
Subcostal 

cross-section 

End-diastolic 
Apical 4CH 
Subcostal 4CH 
Subcostal 

cross-section 


Sector Echocardiographic Subcostal Biplane Volume Determination 
Versus Body Weight (y = a- x + b) 


Vr (%) 


35.« O90) 4: 1712 - +026 
33. 0.81... 0.34 0.26 


1.00 32 
0.44 37 


End-systolic 
End-diastolic 


Sector Echocardiographic Subcostal Biplane Volume Determination 
Versus Body Surface Area (y = a : x + b) 


Vr (%) 


End-systolic 35 O91. 31.99 - -3.17 
End-diastolic 33 0.81 9.73 -0.63 


r = coefficient of variance; other abbreviations as in Table |. 


0.95 30 
0.44 37 
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RESULTS The relation of LA areas and volumes in healthy 
The correlation of angiographic versus echocardio-. newborns and infants as determined by sector echocar- 
graphic LA area and volume determinations are sum- diography to body weight and surface area are list- 


marized in Table I and Figures 2 and 3. ed in Table II. The results of LA areas and biplane 
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FIGURE 5. Correlation of the apical 4- 
chamber view end-diastolic left atrial area 
to body weight. Dotted lines represent a 
range of + 2 standard error of the esti- 
mate (+ 2 SEE). 
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volume calculations, and their confidence intervals in standard deviation). The LA ejection fraction, deter- 
relation to body weight, are seen in Figures 4 to 9. mined by the subcostal biplane volume measurements, 
The percentage of systolic-diastolic LA area diminu- was 62 + 7% (mean + standard deviation). These 
tion was 52 + 6% for the apical 4-chamber view and values were independent of body weight or surface 
50 + 4% for the subcostal 4-chamber view (mean + area. 


bh 
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FIGURE 7. Correlation of the subcostal 
(Subcost.) 4-chamber view end-diastolic 
left atrial area to body weight. Dotted 
lines represent a range of + 2 standard 
error of the estimate (+ 2 SEE). 
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FIGURE 8. Correlation of the subcostal 
end-systolic left atrial volume to body 
weight. Dotted lines represent 90% confi- 
dence interval. SEE = standard error of 
the estimate. 
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FIGURE 9. Correlation of the subcostal 
end-diastolic left atrial volume to body 
weight. Dotted lines represent 90% confi- 
dence interval. SEE = standard error of 
the estimate. 
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DISCUSSION 

A noninvasive method for LA size and volume de- 
termination is preferable to angiocardiography. Two 
groups reported on a strong correlation between LA di- 
ameter as determined by M-mode echocardiography 
and LA volume calculated with angiography.”:!° Later 
attempts to determine LA volume from M-mode echo- 
cardiography failed to show a satisfactory correlation 
with LA volume as calculated with biplane angiocardi- 
ography.!! 

In 1983. 2 groups first reported on the determina- 
tion of LA volume with sector echocardiography: Gut- 
man et al,'? studying adults, used 2 perpendicular 
planes of the apical view for determining LA area, 
and calculated LA volume by a modification of Simp- 
son’s rule. Hiraishi et al,!? using the parasternal long- 
axis, short-axis, apical 2- and 4-chamber and subcostal 
views, measured the long and short LA axes and areas, 
calculating LA volume by various monoplane and bi- 
plane algorithms. Both groups found a good correlation 
between the sector echocardiographically and angiocar- 
diographically determined LA volumes. However, there 
was a significant underestimation of the volume by the 
former method, possibly due to oblique section of the 
left atrium. 

Pearlman et al!4 determined normal values of LA 
volume by measuring various LA diameters using the 
apical 4-chamber view and the parasternal long-axis 
view in healthy infants, children and adults. Their nor- 
mal values in infants for the end-systolic LA volume 
are in agreement with our results related to body sur- 
face area. 

The subeostal approach, which allows sectioning of 
the left atrium in the frontal and sagittal plane, appears 
well suited for LA area and volume determination. Ow- 
ing to the proximity of the transducer, visualization of 
the heart by the subcostal approach is particularly good 
in newborns, infants and children. Our study demon- 
strates that LA areas and volumes calculated in chil- 
dren from subcostal frontal and sagittal sector echocar- 
diographic views correlate very well with those calcu- 
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lated from biplane angiocardiograms. The fact that 
echocardiographic views in 2 planes cannot be obtained 
simultaneously does not appear to detract from the 
practical value of the method. To simplify the determi- 
nation of LA size, one may choose only to measure the 
frontal LA area as obtained from the subcostal 4- 
chamber view, which also shows an excellent (although 
exponential) correlation to LA volume as determined 
by biplane angiocardiography. 
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Laser-Assisted Versus Mechanical 
Recanalization of Femoral Arterial Occlusions 
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A randomized clinical trial was performed to test 
the hypothesis that a laser-heated probe is supe- 
rior to standard techniques to reopen occluded 
femoral arteries. Twenty patients were treated 
with a standard guidewire and balloon dilation 
method. In a second group of 20 patients, the la- 
ser probe was initially used as a nonheated me- 
chanical device. If the probe was unsuccessful in 
mechanically reopening the artery, an Argon la- 
ser was activated to heat the probe. The mean 
length of occlusion was 15.9 + 10.3 cm. The 
success rate for the laser probe was 15 of 20 
(75%), which was not significantly different 
from the standard method, 19 of 20 (95%). 
Most of the success in the laser-probe group was 
due to the probe’s mechanical properties. The la- 
ser probe was successful as a cold, mechanical 
device in 13 of 15 (87%) arteries. It was neces- 
sary to heat the probe in 5 patients. When heat- 
ed, the laser probe assisted recanalization in 2 
but perforated the artery in 3 cases. 

The results of this randomized trial do not 
support the hypotheses behind the use of the 
thermal laser probe. The laser probe functions 
primarily as a mechanical device. The thermal 
activation does not significantly improve the suc- 
cess rate without increasing the risk of perfora- 
tion. This small additional benefit does not justify 
the large cost of current thermal laser devices. 
This controlled study also demonstrates a higher 
success rate in long occlusions than previous re- 
ports of mechanical balloon recanalization. This 
is due to a combination approach of retrograde 
and anterograde probing of the occluded seg- 
ment. 

(Am J Cardiol 1991;68:1079-1086) 
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Bethesda, Maryland, and Grant N00014-90-C-0029 from the Office of 
Naval Research, Arlington, Virginia. Manuscript received April 15, 
1991; revised manuscript received and accepted June 17, 1991. 
Address for reprints: Jonathan M. Tobis, MD, Cardiac Catheter- 
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and assist peripheral or coronary angioplasty 

has caught the imagination of the medical pro- 
fession and the patient population. As of June 1990, it 
was reported that 30,000 cases of laser-assisted thermal 
angioplasty had been performed.! In response to early 
reports of a high perforation rate with bare fiber cathe- 
ters,23 most of the procedures have been performed 
with a fiberoptic conduit with a metal cap at the distal 
end.45 This device uses laser energy to heat the metal 
tip which produces a thermal-tissue interaction to per- 
form the arterial recanalization. The theoretical as- 
sumptions of the mechanism of action of the laser-as- 
sisted thermal probe are: (1) that it reopens occluded 
arteries by tracking the original lumen; and (2) the 
thermal energy ablates atherosclerotic tissue, thereby 
reducing the mass of atheroma which helps to recana- 
lize the artery and also improve the long-term patency 
rate.© Despite these theories and the high rate of use of 
these Food and Drug Administration approved devices, 
there has been no randomized clinical trial to demon- 
strate any benefit of the thermal probes over standard 
techniques for arterial recanalization. The purpose of 
the present study was to conduct a randomized clinical 
trial to test the hypothesis that (1) the laser-assisted 
probe, either as a mechanical or thermal device, is su- 
perior to standard guidewire and catheter techniques 
currently in use; and (2) there is an additional benefit 
to using thermal energy to recanalize peripheral arteries 
compared with the mechanical effect of the probe. 


a he use of laser energy to ablate atherosclerosis 


METHODS 

Patient selection: Patients were recruited to partici- 
pate in this study if they had symptoms of claudication 
and angiographic evidence of an occluded superficial 
femoral artery. Only patients with complete occlusions 
on angiography were included in this protocol; stenotic 
lesions were not treated by the laser probe and were 
excluded from this study. In addition, the length of the 
occlusion or the degree of calcification was not used to 
exclude patients. At least 1 patent tibial vessel for run- 
off was a criterion for inclusion. The primary end point 
for a successful result was recanalization of the occlud- 
ed segment of artery with angiographic evidence of di- 
rect flow between the proximal and distal lumens. 
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There were 40 patients (36 men and 4 women, 
mean age 65 years (range 42 to 83) who participated in 
this study. All patients had been cigarette smokers (1 to 
4 packs per day). Ten had diabetes mellitus, but only | 
required insulin. All patients had symptoms of claudi- 
cation for a period of 3 months to 17 years before en- 
tering the study. Five of the patients had pain at rest, 
but no patient had gangrene or an active skin ulcer due 
to vascular insufficiency. Baseline clinical evaluation, 
including Doppler-measured systolic occlusion pressure 
in the leg and arm, was performed in all patients. The 
patients signed the institutional consent form approved 
by the Human Subjects Review Committee. 

Study protocol: Patients were randomly assigned 
by a computer-generated rotation to | of 2 treatment 
protocols: a standard guidewire method or the laser 
probe method. In the patients assigned to the stan- 
dard mechanical guidewire group, a variety of 0.035 
inch guidewires (Cook, Rosen, straight) were inserted 
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FIGURE 2. Magnified view of the metal capped fiberoptic 
catheter used in this study. The 1.5 mm diameter tip has a 
blunted shape to facilitate penetration of occluded arterial seg- 
ments. 
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through a 6Fr or 7Fr plastic catheter (Van Andel, mul- 
tipurpose, or Torcon pull-down catheter). The area of 
obstruction was probed with the guidewire under fluo- 
roscopic control and the catheter was advanced over the 
guidewire as it progressed distally through the arterial 
occlusion. If the operator felt that the attempt at me- 
chanical recanalization was no longer feasible, then the 
patient could cross over to the laser-assisted method. 
In the patients assigned to the laser protocol, the 
laser probe was initially used as a cold, mechanical de- 
vice without turning on the laser. The outline of the 
randomization protocol is seen in Figure 1. The laser 
probe used in this study was a 1.5 mm diameter Laser- 
probe model PLR-plus (Trimedyne, Inc., Santa Ana, 
California) (Figure 2). Two different laser generating 
systems were used: An Argon laser, Optilase model 900 
(Trimedyne Inc, Santa Ana, California) or a KTP- 
YAG laser model 532 (Laserscope, San Jose, Califor- 
nia). The laser probe was inserted through a Tuohy- 
Borst adaptor Y connector (to prevent backbleeding 
and permit contrast injections) and was passed alone 
through the introducer sheath or through a 7Fr Judkins 
right coronary angioplasty guiding catheter to provide 
support for the laser probe. The guiding catheter tip 
was steam-heated to straighten the distal curve. Under 
fluoroscopic guidance, the laser probe, without activat- 
ing the laser, was pushed into the occlusion with in- 
creasing force which was subjectively determined by 
the operator. The same operator manipulated the laser 
probe in all patients while mechanical guidewire ma- 
nipulation was performed primarily by the intervention- 


al radiologists. After the laser probe advanced 3 to 5 
cm, contrast was injected to determine if there was a 
perforation or if the catheter pathway was still within 
the boundary of the artery. The laser probe was ad- 
vanced in this manner until the obstruction was reca- 
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nalized, the artery was perforated, or the operator sub- 
jectively felt that further mechanical force was unlikely 
to be successful. If successful recanalization occurred, 
the laser probe was withdrawn and an 0.035 inch 
guidewire was advanced through the new channel. Bal- 
loon dilation angioplasty was then performed in all 
cases with an appropriately sized balloon (4 to 7 mm 
diameter ). 

If recanalization was unsuccessful with the laser 
probe as a cold, mechanical device (and if a perforation 
had not occurred), then the laser was turned on at 10 to 
12 W to heat the metal-tipped catheter to approximate- 
ly 200°C. Gentle pressure was maintained on the heat- 
ed-tipped catheter at the level of occlusion for 5 to 10 
seconds. If no forward progress was achieved, the laser 
was turned off and the catheter was moved back and 
forth rapidly for 3 seconds to permit the heat to dissi- 
pate without tissue agglutination around the metal tip. 
The heated tip catheter was advanced intermittently in 
this manner until recanalization was achieved or the 
artery was perforated. 

There were 14 arteries where the procedure was 
performed in a retrograde direction from the popliteal 
artery.’ In these 14 arteries, the residual patent lumen 
of the proximal superficial femoral artery was <1 cm 
long or was completely occluded at its origin at the bi- 
furcation with the common femoral artery, which pre- 
cluded initial penetration into the superficial femoral 
artery with any device (Figure 3). Percutaneous en- 
trance into the popliteal artery was performed with the 
patient in a prone position. There was no special guid- 
ance for percutaneous entry into the popliteal artery in 
the first 2 arteries but ultrasound color /Doppler imag- 
ing was used in the other 12 patients to help direct the 
needle puncture. 

In 5 patients, the retrograde approach from the pop- 
liteal artery permitted the guidewire or laser probe to 
pass into a dissection plane within the artery up to the 
level of the common femoral artery. Despite multiple 
attempts, the wire or probe was parallel to the lumen, 
but could not be manipulated into the lumen of the 
common femoral artery. In these cases, the catheter 
was left in the superficial femoral artery extending 
from the popliteal insertion and the patient was turned 
onto his back. A second percutaneous puncture was 
performed on the ipsilateral side from an anterograde 
direction into the common femoral artery. A 0.035 inch 
guidewire was directed toward the catheter that re- 
mained in the recanalized dissection plane of the super- 
ficial femoral artery. The anterograde guidewire was 
used to forcefully break into the recanalized dissection 
plane and thus complete the connection from the lumen 
of the common femoral artery to the lumen of the pop- 
liteal artery (Figure 4). The recanalized channel was 


then enlarged by balloon dilation. Patients were fol- 
lowed by clinical evaluation and Doppler measurement 
of ankle/arm systolic occlusion pressure index. 


RESULTS 

There were 20 patients assigned to the mechanical 
guidewire method and 20 patients assigned to the laser 
probe method. The length of the occlusions ranged be- 
tween | and 45 cm (mean of 15.9 + 10.3). Random- 
ization was adequate because the mean length of occlu- 
sion was 15.3 + 10.0 cm in the mechanical guidewire 
group and 16.6 + 10.5 cm in the laser probe group 
(p = not significant). In the patients whe had successful 
recanalization, the mean length of occlusion was 16 + 
11 cm, and in the unsuccessful group, the mean length 
was 15 + 5 cm, which was not statistically different. 
The combined success rate in both treatment groups for 








tery recorded in the supine position. There is complete occlu- 
sion of the proximal superficial femoral artery at its bifurca- 
tion with the right common femoral artery. There is collateral 
blood flow through the profundis artery to the distal superfi- 
cial femoral artery which reconstitutes at the adductor canal. 
The length of occlusion was 37 cm. Right, angiogram of the 
right superficial femoral artery in the prone position after suc- 
cessful recanalization, and balloon angioplasty from a retro- 
grade direction from the right popliteal artery with reconstitu- 
tion of blood flow from the common femoral artery through 
the superficial femoral artery. The artery was opened with the 
laser probe initially as a cold device; further penetration was 
achieved with the laser activated as a thermal device; final re- 
entry into the common femoral artery was successful by stan- 
dard guidewire manipulation. 
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recanalizing occlusions | to 7 cm long was 100%, for 
occlusions & to 14 cm long the success rate was 77%, 
and for occlusions 15 to 45 cm long the success rate 
was 83%. The Doppler-measured ankle /arm index was 
0.62 + 0.14 before and 0.90 + 0.06 after treatment in 
the patients who had a successful recanalization. 

In the naechanical guidewire group there were 19 
(95%) successful cases of recanalization and subsequent 
balloon angioplasty. The | failure resulted in a mechan- 











FIGURE 4. Left, angiogram of a right superficial femoral ar- 
tery that is occluded 1 cm after its origin and reconstitutes 27 
cm distally. Right, the superficial femoral artery was re- 
opened from the popliteal approach using 0.035 inch Coon’s 
guidewire and a Torcon 7 to 5Fr pull-down catheter. The 
guidewire passed along parallel to the lumen of the common 
femoral artery but did not reenter the nubbin of the proximal 
superficial femoral artery. The patient was turned on his back 
and an anterograde puncture of the right common femoral ar- 
tery was performed. A guidewire was passed through the re- 
sidual nubbin of the superficial femoral artery and forcefully 
pushed into the recanalized dissection plane to complete the 
connection from the lumen of the common femoral artery to 
the lumen of the popliteal artery. Longer arrow designates 
the anterograde catheter in the femoral artery and short ar- 
row indicates the second catheter entering the popliteal ar- 
tery. This angiegram was obtained after balloon dilation 
throughout the 30 cm segment. 
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ical perforation of the artery with the guidewire. No 
patient from the mechanical treatment group required 
crossover to the laser treatment group. 

In the laser probe group, the overall success rate was 
15 of 20 (75%), which was not significantly different 
from the standard mechanical method. The laser probe 
was initially used as a cold mechanical device and was 
successful in 13 (65%) patients. There were 2 arterial 
perforations when the catheter was used as a mechani- 
cal probe. The laser was activated in the other 5 pa- 
tients after no further progress could be achieved with 
the catheter as a cold device. After the laser probe was 
heated, it resulted in successful progression of the de- 
vice in 2 additional patients; however, the thermally ac- 
tive catheter created a perforation in the other 3 
patients. 

Even when the laser probe was successful in recana- 
lizing the length of the occluded arterial segment, it 
often required insertion of a guidewire to make the final 
reentry into the distal lumen segment. This was neces- 
sary because laser probes or guidewires usually enter a 
dissection plane between the intimal plaque and the 
media during the process of recanalization. Once the 
device traversed the length of the occluded segment, it 
required directional control to repenetrate the plaque 
and enter the distal lumen. This process is illustrated by 
the case shown in Figure 3. 





FIGURE 5. Scout film radiograph of a patient with extensive 
calcification of the superficial femoral artery. This vessel could 
not be recanalized with either an 0.035 inch guidewire and 
supporting catheter or the laser probe as a mechanical device 
or thermally activated. 
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There were 32 patients who had radiographic evi- 
dence of calcium on the baseline scout film. Radio- 
graphic calcium was present in 26 (76%) of the 34 suc- 
cessful cases and was present in 6 (100%) of the 6 un- 
successful cases (p = not significant). Although the 
presence of calcium at the proximal superficial femoral 
artery or at the adductor canal often acted as the point 
at which the guidewire or laser probe would deflect and 
enter the dissection plane parallel to the plaque, the 
presence of calcium was the obvious cause of an inabili- 
ty to recanalize the artery in only 1 patient (Figure 5). 

Complications: Three types of complications oc- 
curred during this study. The first complication was 
perforation of the arterial wall, which occurred in | pa- 
tient due to a mechanical guidewire and in 3 due to the 
heated laser probe. The perforation resulted in some 
extravasation of blood and contrast into the soft tissues, 
but each case was treated conservatively and no patient 
required surgical repair. In these 4 patients, there was 
no attempt to recanalize from the opposite direction 
(i.e., a retrograde popliteal puncture if the initial perfo- 
ration occurred from the anterograde approach) be- 
cause these results occurred early in our series. The 
combined anterograde and retrograde approach was 
only used, if necessary, after the twenty-sixth patient. 

In the first patient who had angioplasty performed 
from a retrograde entry into both popliteal arteries, an 
arteriovenous fistula developed at both percutaneous 
entry sites. Both of these popliteal arteries were punc- 
tured without ultrasound guidance. Because of this 
event, the subsequent patients in which the retrograde 
approach was chosen had color/Doppler ultrasound im- 
aging of the popliteal artery and vein performed to 
identify the percutaneous route into the popliteal artery. 
In the subsequent 12 cases, 2 arteriovenous fistulas de- 
veloped despite the use of ultrasound guidance. These 
cases were managed conservatively and did not undergo 
surgery. 

The third complication was a hematoma at the su- 
prainguinal insertion site. One patient developed hypo- 
tension after the procedure was completed and the 
sheath had been removed. He responded to fluid re- 
placement and did not receive a blood transfusion. A 
second patient had a retroperitoneal hematoma which 
was seen with symptoms 3 days after the procedure. 
The inguinal puncture site into the common femoral 
artery was closed surgically. 

Follow-up studies: Initial successful recanalization 
of the occluded superficial femoral artery was obtained 
in 34 (85%) of the original 40 patients. Patency, as 
documented by relief of symptoms and improvement in 
the ankle/arm systolic occlusion pressure index, persist- 
ed for the first month of follow-up in 29 of the 31 suc- 
cessfully recanalized patients who returned for follow- 


up. However, by 6 months the patency rate decreased 
to 60% (Figure 6). In 12 patients who have been fol- 
lowed for 1 year, arterial patency documented by lack 
of symptoms, a palpable pulse, and a sustained im- 
provement in the Doppler ankle/arm index was 50%. 
There was no difference in the follow-up patency for 
patients treated with mechanical recanalization with 
guidewires versus patients treated with mechanical re- 
canalization with the laser probe. The number of suc- 
cessfully treated patients who had laser-activated ther- 
mal angioplasty is too small to comment on the long- 
term patency compared with the mechanical approach. 
The mean length of initial occlusion in the 15 patients 
who had patent arteries at 6 months was 13.8 + 8.7 cm 
compared with the 10 patients with clinical symptoms 
of reocclusion whose initial mean length of occlusion 
was 18.9 + 11.3 (p = not significant). 


DISCUSSION 

The use of laser-assisted thermal angioplasty raises 
many questions as to its potential mechanism of action 
and the possible beneficial effects of heat or direct laser 
energy on atherosclerotic plaque. The primary purpose 
of the present study was to determine whether the laser 
probe is more effective than standard mechanical tech- 
niques to reopen an occluded peripheral artery. There- 
fore, this study carefully included only patients who 
had complete occlusions of the superficial or popliteal 
artery and did not include any patient who had a steno- 
sis with a residual patent lumen. The results of this 
randomized trial do not support the hypotheses behind 
the use of the thermal laser probe. In the present study, 
the success rate of the laser probe was not superior to 
standard mechanical methods to reopen occluded su- 
perficial femoral arteries. This result was independent 
of the length of the occlusion or the presence of calcium 
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FIGURE 6. Graph of follow-up (F/U) patency results of recan- 
alization of superficial femoral artery documented by relief of 
symptoms and sustained improvement of systolic occlusion 
pressure index. 
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on the racwograph. The mean length of the occluded 
segment was similar in the mechanical (15.3 + 10.0 
cm) and im the laser probe (16.6 + 10.5 cm) groups. 
The overall success rate was higher in the mechanical 
guidewire g-oup, with 19 of 20 (95%) successful recan- 
alizations, compared with 15 of 20 (75%) successful 
recanalizations with the laser probe, but this did not 
reach statis*ical significance. 

In previous clinical studies of laser-assisted thermal 
angioplasty performed without randomization, the la- 
ser-heated crobe was successful in 66 to 90% of occlu- 
sions depencing on the length of the artery, the tortuos- 
ity of the vessel and the presence of calcium.!-689 One 
of the primery claims for a beneficial effect of the laser 
probe was that it seeks the previous lumen of the oc- 
cluded segrrent and stays well within the boundary of 
the media. However, an in vitro study revealed that in 
95% of the cases with either guidewires or the laser 
probe, the devices were deflected from dense athero- 
sclerotic plaque and found the path of least resistance 
in a dissecticn plane between the plaque and the wall of 
the artery dong the internal elastic membrane.’ The 
guidewire or laser probe, once it enters this plane, could 
continue winin this dissection plane until the atheroma 
becomes thinner permitting the device to reenter the 
true lumen cistally, or it could perforate the wall later- 
ally (Figure 7). This mechanism of recanalization was 
corroborated in a human study where an intravascular 
ultrasound maging catheter was used to follow the 
pathway of recanalization by the laser probe in an oc- 
cluded superficial femoral artery that was successfully 
reopened w thout turning the laser on.!° The intravas- 
cular ultrasound images demonstrated in vivo that the 
laser probe tad entered a plane between the internal 
elastic memadrane and the atheroma, i.e., the laser 


probe did ne: recanalize the artery by burning a tunnel 
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through the plaque, but it successfully reopened the 
long occlusion by mechanically burrowing around the 
plaque. The present randomized clinical study was per- 
formed to test the hypotheses that evolved from these 
preliminary observations. 

The purpose of the present study was first to address 
the issue of whether the thermal probe functions better 
than the existing method of using guidewires and diag- 
nostic catheters, and second to determine if the success 
of the laser-assisted probe is due to its mechanical prop- 
erties or the thermal effect. Our interpretation of the 
data is that the laser probe functions primarily as a 
mechanical catheter, which is moderately successful in 
recanalizing completely occluded peripheral arteries. It 
is difficult to direct the laser probe, and therefore the 
success rate with the laser probe is not as high as with 
standard guidewires. In addition, for the purpose of this 
protocol, when the laser probe could not adequately 
penetrate the plaque as a cold device, the laser was acti- 
vated to heat the probe to 200°C. However, this addi- 
tional thermal energy was more likely to result in a 
perforation of the artery than to act in a beneficial 
manner. There were only 2 cases (10%) in which ther- 
mal energy improved the mechanical function of the 
laser probe, but in 3 of the 5 cases (60%) in which 
thermal energy was used, perforation resulted. 

This protocol was chosen to determine whether ther- 
mal energy is necessary in addition to mechanical ac- 
tion of the catheter. Our success rate is similar to re- 
sults in previous nonrandomized trials in which the 
laser probe was always thermally activated. In 486 pa- 
tients with occluded proximal or midsuperficial femoral 
arteries from | clinical trial, the success rate was 80% 
(lesion length not reported).! The success rate in the 
present study without the thermal effect was 100% for 
occlusions | to 7 cm, 77% for occlusions 8 to 14 cm and 


FIGURE 7. Diagram of la- 
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plane for an extended dis- 
tance (>30 cm), or they 
may perforate externally. 
(Reprinted with permis- 
sion from Cardiovascular 
Reviews and Reports, 
Inc.) 
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Arteries 





Author Technique 








Zeitler Mechanical 
1980 133 


Martin Balloon 46 

1981 
Krepel Balloon 18 
1985 19 
Hewes Balloon 18 
1986 10 
13 


Balloon 
Balloon 












Morganstern 
1977-80 
1981-88 





Levy Balloon or 14 

1989 laser probe 13 
Sanborn Laser probe 17 
1988 Heated 



















Total 107 





Tobis Laser probe 17 
1989 Heated 
McGowan Laser probe 15 
1988 Heated 
Leachman Laser probe Total 117 
1989 Heated 
Tobis Balloon 20 
Present series 
1991 
Laser probe 20 
Cold (15) 
Hot (5) 


83% for occlusions 15 to 45 cm long, with an overall 
primary success rate of 85%. It is difficult to compare 
different clinical studies because some reports combine 
patients who have stenoses with those who have com- 
plete occlusions. In addition, the length of occlusion or 
how the lengths are subdivided varies between the re- 
ports. Some of the frequently cited clinical trials for 
recanalization of occluded superficial femoral arteries 
are presented for comparison in Table I for both me- 
chanical and thermal angioplasty. 

Earlier nonrandomized laser studies used historical 
control groups to claim that mechanical balloon angio- 
plasty has a limited primary success rate in occlusions 
>3 cm and certainly >7 cm. However, a recent re- 
port!! and the current study demonstrate a higher rate 
of primary success using mechanical guidewires and 
supportive catheters. The high rate of success in the 
present series of recanalizing long occluded segments of 
the superficial femoral artery is attributed to the alter- 
native approaches used: either retrograde from the pop- 
liteal artery or the combined anterograde and retro- 
grade punctures. In addition, the observation that the 


TABLE | Comparison of Clinical Trials to Recanalize Occluded Superficial Femoropopliteal Arteries 


NA = not available. 









Percent 1 Year Patency 
Occluded Primary of Pts. with 
Length (cm) Success 1° Success (%) 

















<10 82 NA 
>10 53 NA 
NA 76 57 
(mean 4 cm in 1° 
success group) 
<3 89 93 
>3 26 50 
1-3 81 
4-7 100 
>] 91 


NA 


NA 86 NA 
NA 69 NA 
<3 100 93 







10.9 + 7.2 67 40 
5.6 + 3.1 93 NA 
<10 80 NA 
>10 50 NA 
14.2 + 6.9 95 60 
16.6 + 9.7 75 50 


mechanism of recanalization proceeds along the perim- 
eter of the plaque, was used advantageously. Instead of 
terminating the procedure once the dissection plane was 
observed, it was used to burrow around the plaque until 
the distal lumen could be reentered by tearing into it 
from the perimeter. It is ironic that in the attempt to 
find a better method than mechanical recanalization, 
our experience with laser-assisted thermal angioplasty 
lead to refinements in technique that improved the re- 
sults with standard mechanical balloon angioplasty. 
This experience reemphasizes how the use of historical 
control groups may be misleading. 

This randomized trial demonstrates that the laser- 
assisted probe is not superior to the results with stan- 
dard guidewire manipulation to reopen occluded super- 
ficial femoral arteries. In addition, this study indicates 
that the predominant effect of the laser probe appears 
to be due to the mechanical component of the probe 
and not laser-induced heat. The blunted bullet-shaped 
contour of the laser probe was well designed to pene- 
trate atheroma. This penetration occurs around the ob- 
struction between the internal elastic membrane and 
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the plaque. Jnce in this dissection plane, it is more like- 
ly that the thermally active 200°C metal tip will perfo- 
rate laterally through the thin media and adventitia. 
Thermal ac-ivation of the probe added successfully to 
the mechanical effect of the device in only 2 of 20 
(10%) patieats assigned to the laser group. This meager 
additional benefit does not appear to justify the large 
cost of current laser devices. The fact that 30,000 cases 
of laser-asséted thermal angioplasty have been per- 
formed without a randomized trial raises serious con- 
cerns about -he scientific foundation on which decisions 
of treatment are made in interventional procedures with 
new devices.!2-!4 


REFERENCES 

1. Moretti M, Pea-son T (eds.). Patient Data Supports Laser Angioplasty Effica- 
cy. Medical Lases Industry Report (suppl) April 1990:1-4. 

2. Lee G, Ikeda RM, Chan MC, Lee MH, Ring JL, Reis RL, Theis JH, Low R, 
Bommer WJ, Kune AH, Hanna ES, Mason DT. Limitations, risks and complica- 
tions of laser angioplasty: a cautious approach warranted. Am J Cardiol 
1985;56:181-185. 

3. Lee G, Ikeda EM, Theis JH, Chan MC, Stabbe D, Ogata C, Kumagai A, 
Mason DT. Acute and chronic complications of laser angioplasty: vascular wall 
damage and formation of aneurysms in the atherosclerotic rabbit. Am J Cardiol 
1984;53:290-293. 


4. Sanborn TA, Faxon DP, Haudenschild CC, Ryan TJ. Experimental angio- 
plasty: circumferentia! distribution of laser thermal energy with a laser probe. J 
Am Coll Cardiol 1985;5:934-938. 

S. Lee G, Ikeda RM, Chan MC, Dukich J, Lee MH, Theis JH, Bommer WJ, Reis 
RL, Hanna ES, Mason DT. Dissolution of human atherosclerotic disease by 
fiberoptic laser-heated metal cautery cap. Am Heart J 1984;107:777-778. 

6. Cumberland DC, Sanborn TA, Tayler DI, Welsh CL, Guben JK, Moore DJ, 
Greenfield AJ, Ryan TJ. Percutaneous laser thermal angioplasty: initial clinical 
results with a laser probe in total peripheral artery occlusion. Lancet 1986;1: 
1457-1459. 

7. Leachman R, Avedissian MG, Krajcer Z, Angelini P. Transluminal laser 
angioplasty of the femoropopliteal circulation by use of a percutaneous popliteal 
approach. Am J of Cardiol 1989;64:106-108. 

8. Tobis J, Smolin M, Mallery J, MacLeay L, Johnston WD, Connolly JE, et al. 
Laser-assisted thermal angioplasty in human peripheral artery occlusions; Mecha- 
nisms of recanalization. J Am Coll Cardiol 1989;13:1547-1554. 

9. Sanborn TA, Cumberland DC, Greenfield AJ, Motarjeme A, Schwarten DE, 
Leachman SR, et al. Peripheral laser-assisted balloon angioplasty. Arch Surg 
1989;124:1099-1 103. 

10. Tobis JA, Miranda CP, Deutsch L-S, Griffith J, Gessert J, Bergman A, Berns 
M, Henry WI. The mechanism of peripheral recanalization by laser-assisted 
thermal angioplasty: confirmation by intravascular ultrasound. AJR 1990:155: 
1100-1102. 

11. Morgenstern BR, Getrajdman GI, Laffey KJ, Bixon R, Martin EC. Total 
occlusions of the femoropopliteal artery: high technical success rate of convention- 
al balloon angioplasty. Radiology 1989;172:937-940. 

12. Strandness DE, Barnes RW, Katzen B, Ring EJ. Indiscriminate use of laser 
angioplasty (editorial). Radiology 1989;172:945-946. 

13. Society of Cardiovascular and Interventional Radiology. SCVIR position 
Statement on thermal laser angioplasty. (editorial response) Radiology 1989; 
172:944., 

14. Sanborn TA, Greenfield AJ. Peripheral laser angioplasty: need for organized 
clinical trials, (editorial response) Radiology 1989;172:943. 


1086 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 


~ 


1 





BRIEF REPORTS 


National Cholesterol Education Program’s Recommendations, and 
Implications of ‘‘Missing’”’ High-Density Lipoprotein Cholesterol in 


Cardiac Rehabilitation Programs 
Carl J. Lavie, MD, and Richard V. Milani, MD 


uring the last decade, the lipid-coronary artery 

disease hypothesis has become established, and 

great national attention is currently directed at 
lipids for the primary and secondary prevention of coro- 
nary heart disease.! Although we feel that the efforts of 
the National Cholesterol Education Program should be 
applauded, and have increased public and physician 
awareness of lipid disorders, their assessment and treat- 
ment recommendations have emphasized total and low- 
density lipoprotein (LDL) cholesterols, with little em- 
phasis on the pivotal role of high-density lipoprotein 
(HDL) cholesterol on coronary heart disease risk.’ 
Therefore, we assessed lipid data from 2 cardiac rehabili- 
tation and exercise programs to determine the impact of 
the “missing” HDL cholesterol in the National Choles- 
terol Education Program’s recommendations on coro- 
nary patients. 

We reviewed the lipid data at baseline (4 to 8 
weeks after a major cardiac event, average 6), and 
after an outpatient, phase II cardiac rehabilitation 
and exercise program (12 weeks, 36 sessions) in 212 
consecutive patients (135 from Massachusetts Gener- 
al Hospital and 77 from Ochsner Medical Institu- 
tions). All 212 patients had recent major cardiac 
events, including acute myocardial infarction, bypass 
surgery or balloon angioplasty. None of the patients 
were treated with lipid-lowering medications, and 
other medications known to affect lipids (e.g., estro- 
gens, B blockers, diuretics, a blockers and calcium 
antagonists) were at stable doses for 24 weeks before 
study entry and doses were not altered during the 
program. Patients were instructed on the phase I diet 
from the American Heart Association and the Na- 
tional Cholesterol Education Program, and were re- 
peatedly encouraged to comply with this program as 
well as with the exercise portion of the program. Base- 
line and postprogram values were compared using a 
Student's paired t test, and patients were classified 
both before and after rehabilitation using guidelines 
established by the National Cholesterol Education 
Program as well as by an alternative treatment regi- 
men that includes both LDL and HDL cholesterols. 
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Baseline characteristics of the study population 
included: age (36 to 86 years, mean 60 + 8); 201 men 
(95%); 106 acute myocardial infarctions (50%); 95 
bypass surgeries (45%); and 32 balloon angioplasties 
(15%) (a number of patients had >1 acute event). 

With our cardiac rehabilitation and exercise pro- 
grams, Statistically significant improvements in tri- 
glyceride levels, HDL cholesterol and LDL/HDL were 
noted (Table 1). Reduction in LDL cholesterol was of 
borderline statistical significance. Baseline and post- 
program values were statistically similar between pa- 
tients receiving medications known to affect lipids 
(listed previously) and those not receiving these medi- 
cations. 

As noted in Table II, nearly half of all patients had 
total cholesterol levels <200 mg/dl (ideal values ac- 
cording to the National Cholesterol Education Pro- 
gram) both before and after rehabilitation, thus indi- 
cating that these patients should receive no further 
lipid assessment or treatment as per the National 
Cholesterol Education Program. Over half of these 


TABLE I Effects of Cardiac Rehabilitation and Exercise 
Program on Plasma Lipids (n = 212) 


Before After 


Lipid Value Rehabilitation Rehabilitation % A p Value 


Total cholesterol (mg/dl) 208 + 18 
Triglyceride (mg/dl) 161 + 48 
HDL cholesterol (mg/dl) 38.3 + 5.2 
LDL cholesterol (mg/dl) 139+ 16 135+18 <=-3 0.07 

LDL/HDL 3.63208 3.32+09 -9 <0.001 


HDL = high-density lipoprotein; LDL = low-density lipoprotein; NS = not signifi- 
cant; A = change. 


203.+46.::'=2, ‘NS 
140+38 -13 <0.001 
40.8+45 +9 <0.001 


TABLE II Lipid Classification Before and After Cardiac 
Rehabilitation and Exercise Program (n = 212) 


Before After 


Lipid Value (mg/dl) 


Total cholesterol <200 
HDL cholesterol <35 
HDL cholesterol < 30 

Total cholesterol! > 200 
HDL cholesterol <35 
HDL cholesterol <30 

LDL cholesterol < 130 

LDL cholesterol > 160 

HDL cholesterol < 35 

HDL cholesterol < 30 

LDL cholesterol > 160 or 
HDL cholesterol <35 


HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


Rehabilitation 


100 (47%) 
52 (52%) 
36 (36%) 

112 (53%) 
32 (29%) 
12 (11%) 

98 (46%) 
51 (24%) 
85 (40%) 
49 (23%) 

125 (59%) 
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Rehabilitation 


106 (50%) 
59 (56%) 
30 (28%) 

106 (50%) 
22 (21%) 

2 (2%) 
93 (44%) 
40 (19%) 
74 (35%) 
30 (14%) 

104 (49%) 
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patients with “ideal” total cholesterol had low HDL 
cholesterol <35 mg/dl), with many having very low 
levels (<30 mg/dl). Nearly half of all patients had 
“ideal” LD% cholesterol (<130 mg/dl) and < one 
fourth haa “high-risk” LDL cholesterol (>160 
mg/dl), accarding to the National Cholesterol Educa- 
tion Programı guidelines. In fact, low HDL cholesterol 
was considerably more prevalent than high-risk LDL- 
cholesterol Ëoth before and after the cardiac rehabili- 
tation and exercise program. 

Cardiovascular rehabilitation and exercise programs 
produce sign ficant improvements in patient well-being, 
functional cadacity and risk factors; pooled data indicate 
a reduction in overall cardiovascular mortality.4 Al- 
though statistically significant improvement in lipids oc- 
curred with 2ardiac rehabilitation, overall clinical im- 
provement would be considered only modest (Table I). 
Even after the program, a large number of patients had 
persistently abnormal lipid values including high LDL 
cholesterol ard, particularly, low HDL cholesterol. 

Based on data from epidemiologic, lipid intervention 
and coronary angiographic studies,>56 great emphasis 
has been placed on lipid intervention and treatment, in- 
cluding the suggestion that most patients after a major 
cardiac event should receive drug treatment of lipids with 
| or more pharmacologic agents.’ However, if the Na- 
tional Cholesterol Education Program guidelines are fol- 
lowed, nearly half of our coronary patients would receive 
no lipid treatment, including vigorous dietary recommen- 
dations, and crug treatment would be indicated (persis- 
tent LDL chowsterol = 160 mg/dl) in < one fifth (Table 
II). However, if an alternative regimen is used that incor- 
porates the pivotal role of both LDL and HDL cholester- 
ols (e.g., druz treatment for LDL cholesterol >160 
mg/dl or HDL cholesterol <35 mg/dl), half of our 
cardiac patients would need lipid treatment with phar- 
macologic the-apy. Of course, these are arbitrary num- 
bers used only for illustrative purposes, and many other 
patients with “borderline” LDL and HDL cholesterols 
may also bene it clinically from vigorous lipid treatment. 

There are several limitations to the present data. Our 
study was retsospective, and the patients were referred 
for cardiac renabilitation and exercise. However, their 
lipid values are quite similar to profiles of other coronary 
patients at our institution and elsewhere. The data may 
be somewhat population-specific, with low HDL cho- 
lesterol being more prevalent among our Ochsner pa- 


tients (mean HDL cholesterol before rehabilitation 32.5 
mg/dl, with 80% <35 mg/dl and 61% <30 mg/dl). 
However, the same trends were present at Massachusetts 
General Hospital and in other studies of coronary pa- 
tients.®8 Finally, there have been no direct interventional 
studies aimed solely at low HDL cholesterol, but all 
substantial data point to the pivotal role of HDL choles- 
terol for primary and secondary prevention of coronary 
heart disease. 3-5-6;8 

In conclusion, our results demonstrate that low HDL 
cholesterol is very prevalent, moreso than high-risk LDL 
cholesterol, both before and after cardiac rehabilitation 
in patients after major cardiac events; even after cardiac 
rehabilitation, a large number of patients have lipid val- 
ues that are persistently “abnormal,” particularly with 
low HDL cholesterol. We believe that the National Cho- 
lesterol Education Program should reassess the emphasis 
placed on HDL cholesterol in their assessment and treat- 
ment recommendations because emphasis directed at 
both LDL and HDL cholesterols is needed for optimal 
coronary heart disease prevention. Many coronary pa- 
tients may benefit from specific pharmacologic therapy 
aimed at either increasing HDL cholesterol or reducing 
LDL/HDL, such as niacin, gemfibrozil and, possibly, 
hydroxymethylglutaryl coenzyme A reductase inhibi- 
tors.232 
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Usefulness of Magnetic Resonance Imaging for Diagnosis of Acute 
Myocarditis in Infants and Children, and Comparison with 
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Endomyocardial Biopsy 


M. Giulia Gagliardi, MD, Maurizio Bevilacqua, MD, Paolo Di Renzi, MD, Sergio Picardo, MD, 


Roberto Passariello, MD, and Carlo Marcelletti, MD 


ly been based on the results of endomyocardial 

biopsy.! This invasive procedure, particularly in 
children, may present major complications and is per- 
formed only at a limited number of centers. Recent stud- 
ies have demonstrated the reliability of magnetic reso- 
nance imaging (MRI) in tissue characterization of cardi- 
ac allograft rejection? that is histologically identical to 
acute myocarditis.5 The aim of this study was to test the 
sensitivity and specificity of MRI versus endomyocardial 
biopsy in the diagnosis of acute myocarditis in children. 

Eleven patients (age range 9 months to 9 years, 
mean 32 months, median 18 months; weight range 6.6 
to 34 kg) admitted to our department with the clinical 
suspicion of acute myocarditis underwent the follow- 
ing diagnostic protocol: (1) cardiac catheterization 
and right ventricular endomyocardial biopsy; and (2) 
MRI study 24 to 48 hours after cardiac catheteriza- 
tion. Biopsies were performed using the femoral ve- 
nous approach as previously described®; 4 to 5 myo- 
cardial samples were obtained from the mid-apical 
portion of the right ventricle, and then fixed in 10% 
buffered formalin, and stained with hematoxylin and 
eosin for microscopic evaluation. 

According to the “Dallas criteria’? patients were 
classified as having acute myocarditis (inflammatory 
infiltrate with myocyte necrosis or damage) or no 
myocarditis (absence of inflammation with or without 
myocyte hypertrophy and interstitial fibrosis). Mag- 
netic resonance images were obtained with a 0.2 Per- 
manent Magnet (MP 4000, Esaote, Genoa, Italy), 
using spin-echo electrocardiogram-gated sequences in 
contiguous slices (10 mm thickness) obtained in 
transverse planes. A body coil with a 32 to 35. cm field 
of view was used, with a matrix size of 128 X 256 
pixels. The MRI parameters applied for tissue char- 
acterization were the signal intensity obtained in T1 
weighted spin-echo sequences (TR= RR interval; 
time echo [TE]= 38 ms), proton density and T2 


T he diagnosis of acute myocarditis has traditional- 
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weighted spin-echo sequences (TR = 3 to 4 RR inter- 
val; TE = 90 and 110 ms, respectively). Signal inten- 
sity was obtained in regions of interest manually de- 
lineated along the left and right ventricles. In the same 
images, the signal intensity of the skeletal muscles 
was also calculated using multiple measurements on 
the lumbar, dorsal and brachial muscles. In every 
sequence, the myocardial/skeletal muscle signal in- 
tensity ratio was obtained. Statistical analysis was 
performed using 2-way analysis of variance. A p value 
<0.05 was considered significant. On the basis of 
the histological results patients were divided into 2 
groups: group A, 6 patients with myocarditis; and 
group B, 5 without myocarditis. MRI data showed 
that mean myocardial/skeletal muscle signal intensi- 
ty ratios measured at TI (TE = 38 ms) weighted 
spin-echo sequences were not statistically different 
between both groups (group A 1.15 + 0.21 vs group B 
1.03 + 0.08) (Figure 1). Mean TR values were also 


—— Myocarditis 
--- no Myocarditis 


T, 38 


T290 


T2110 


FIGURE 1. Values of myocardial/skeletal muscle signal inten- 
sity in patients with (line) and without (dotted line) myocardi- 
tis at different spin-echo sequences. 
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FIGURE 2. Percent increases of myocardial/skeletal muscle 
signal intensity in patients with (line) and without (dotted line) 
myocarditis <i different spin-echo sequences. 
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FIGURE 3. A patient with (upper) and a patient without (lower) myocarditis. At TE = 38 ms (A and C), both the myocardium 


similar (group A 507 + 60 vs group B 585 + 28 ms). 
Mean myocardial/skeletal muscle signal intensity ra- 
tio measured at T2 weighted spin-echo sequences with 
TE = 90 ms was significantly increased in group A 
(1.98 + 0.43; p <0.001) and not in group B (1.21 + 
0.12) (Figure 1). Mean percent increase was 73 + 19 
in group A versus 17 + 12 in group B (p <0.001) 
(Figure 2). Mean TR values were similar in the 2 
groups (group A 1,783 + 184 vs group B 1,667 + 82 
ms). Mean myocardial/skeletal muscle signal intensi- 
ty ratio measured at T2 sequences (TE = 110 ms) 
was again significantly increased in group A (2.21 + 
0.48; p <0.001) and not in group B (1.18 + 0.18) 
(Figure 1). The mean percent increase was 93 + 27 in 
group A versus 14 + 12 in group B (p <0.001) (Fig- 
ures 2 and 3). Mean TR values were again similar in 
the 2 groups (group A 1,671 + 120 vs group B 1,595 + 
92 ms). No false positives or negatives were observed 
(100% specificity and sensitivity). 

The current “gold standard” for the diagnosis of 
acute myocarditis and cardiac allograft rejection is the 
endomyocardial biopsy.! The histological findings in 
both conditions are interstitial edema and infiltration of 
the myocardium by lymphocytes with myocyte necrosis.’ 
Actually, the noninvasive diagnosis of these conditions is 








and the skeletal muscles (asterisks) have high signal intensity. At TE = 110 ms (B and D), in the presence of myocarditis the 
myocardium hes a higher signal intensity than does the skeletal muscle. Without myocarditis, both myocardial and skeletal mus- 


cles’ signals decrease. 
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unreliable. MRI has recently proved to be useful in the 
noninvasive diagnosis of cardiac allograft rejection.** 
_ On the basis of these results we decided to test the reli- 
ability of MRI in the diagnosis of acute myocarditis. 
Our preliminary results strongly suggest that the tissue 
alterations caused by myocardial inflammation induce 
abnormal signal intensity of the myocardial walls detect- 
able using specific sequences. This is the first study on the 
use of MRI in the noninvasive diagnosis of acute myocar- 
ditis. If further reports confirm our data, MRI will 
likely be a useful alternative to endomyocardial biopsy in 
the diagnosis of acute myocarditis, particularly in chil- 
dren. 
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Incidence of QT Interval Prolongation During Pentamidine Therapy of 


Pneumocystis Carinii Pneumonia 
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Peter M. Okin, MD, and Paul Kligfield, MD 


entamidine isethionate, a first-line drug for the 

therapy of Pneumocystis carinii pneumonia, has 

been linked with QT interval prolongation and 
ventricular tachyarrhythmias in patients with the ac- 
quired immunodeficiency syndrome,!~ but strategies for 
preventing, detecting and treating pentamidine-associ- 
ated QT prolongation require a better understanding of 
its rate of occurrence and its complications. To estimate 
the incidence of QT prolongation during pentamidine 
therapy and the incidence of serious cardiac arrhythmias 
among patients with QT prolongation, and to identify 
patients at risk for QT prolongation, we reviewed all 
patients treated with intravenous pentamidine at our in- 
stitution over a 6-month period. 

Using a computerized pharmacy database, we 
identified 37 consecutive patients treated wi th intrave- 
nous pentamidine (mean dose, 4 mg/kg/day; range 3.3 
to 5.2 mg/kg/day) on the inpatient medical service at 
New York Hospital between March 1990 and August 
1990. This group was hospitalized subsequent to, and 
does not include, 4 previously described patients 
with pentamidine-associated sustained ventricular 
arrhythmias.® During the present study period, physi- 
cians were encouraged to check electrocardiograms 
and serum electrolyte levels (including magnesium) 3 
times a week for all patients receiving pentamidine. 
The baseline electrocardiogram was defined as the 
patient's most recent tracing obtained within 2 weeks 
of starting therapy or, if this was not available, the 
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first electrocardiogram obtained at the onset of thera- 
py. Data suitable for study were available for 32 pa- 
tients. Of the remaining patients, 3 received <2 doses 
of pentamidine and 2 were transferred to our hospital 
after =6 days of therapy elsewhere. 

Electrocardiograms were recorded by Marquette 
Electronics Inc. (Milwaukee, Wisconsin) 12SL carts, 
digitized at 250 Hz, and analyzed by Marquette 
MUSE software. PR, QRS and QT intervals, R- and 
T-wave axes in the frontal plane, and heart rate were 
measured by computer, verified visually and correct- 
ed as necessary. The heart rate-corrected QT interval 
(QTc) was calculated according to Bazett's formula 
(QTc = OT{[RRY> ).’ QT prolongation was prospec- 
tively defined as the development of a QTc >480 ms in 
a patient with a previously normal QTc interval; this 
partition approximates the ninety-ninth percentile for 
a group of hospitalized inpatients who were not re- 
ceiving any cardioactive medications and who were 
evaluated at our institution as part of a study of 
electrocardiographic criteria for left ventricular hy- 
pertrophy,’ and is 3.8 standard deviations above the 
average OTc calculated using the same recording in- 
struments in a group of 423 normal subjects.’ Hypo- 
kalemia was defined as the presence of at least l 
serum potassium determination <3.5 mmol/liter dur- 
ing therapy, and hypomagnesemia was defined as the 
presence of at least 1 serum magnesium determina- 
tion <1.5 mEg/liter during therapy. 

Additional quantitative electrocardiographic mea- 
surements of ventricular repolarization have been de- 
fined by Merri et al.? In accordance with their meth- 
ods we measured: (1) early repolarization duration 
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TABLE I Paients with QTc Prolongation 


Time to Peak 
Basiine TimetoQTc Peak QTc (days PTD + 
Pt. QTc 
No. Age (ms? 


[days after 
treatment]) 


Prolongation QTc 


(days) (ms) Arrhythmia 





NSVT 

0 

O* 

0 
Bigeminy 
Of 


_*Cardiac arrestcue to torsades de pointes during a subsequent course of pentami- 


ine. 
tPentamidine Giscontinued because of QT prolongation, in the absence of docu- 
mented ventricular arrhythmia. 
NSVT = nonsustained ventricular tachycardia; PTD = pentamidine. 


(SoT mc), the interval between S wave offset and the 
maximal aesolute T-wave amplitude in precordial 
lead Vs, corrected for heart rate according to Bazett's 
formula; (2. late repolarization duration (TmTo), the 
interval between the maximal absolute T-wave ampli- 
tude in precædial lead Vs and the T wave offset; and 
(3) repolarization heterogeneity (SoTm-SD), the stan- 
dard deviaton of SjT» as measured in precordial 
leads V threugh Vg. 

Life-tabl> analysis was used to define the cumula- 
tive incidence of the development of QTc prolonga- 
tion. The stgnificance of differences between the 
means of continuous variables was assessed using the 
2-tailed Stuaent’s t test, and differences between pro- 
portions werz assessed using the 2-tailed Fisher's ex- 
act test. 

Among 32 patients treated with intravenous pen- 
tamidine, th2re were 21 patients with normal OT in- 
tervals both before and during therapy (66%; 95% 
confidence interval [CI] 48 to 80%), 10 patients with 
QT prolongciion during therapy (31%; 95% CI 18 to 


Cumulative Incidence QTP (%) 





TABLE II Quantitative Electrocardiography in Patients with QT 
Prolongation 


Mean 
Difference 
(95% Cl) 


111 (64 to 159) — 
-13 (-3 to —23) 0.01 
1 (—3 to 6) 0.56 
10% (—10 to 30%) 1.00 


Meanat Mean at 


Baseline Peak QTc p Value 


QTc (ms) 

HR (beats/min) 

QRS (ms) 

T-wave 
discordance 


SoTme (ms) 48 (0 to 97) 0.05 


TmTo (ms) 75 66 (13 to 120) 0.02 
SoTm-SD (ms) 19 12 (—6 to 30) 0.17 


Cl = confidence interval: HR = heart rate; See methods for interval definitions. 


49%) and 1 patient with OT shortening during thera- 
Py (3%; 95% CI 0 to 16%). Clinical characteristics of 
the patients developing OT prolongation are listed in 
Table I. By life-table analysis, the cumulative inci- 
dence of QT interval prolongation was 27% after 7 
days and 50% during 14 to 2] days of pentamidine 
therapy (Figure 1). QT prolongation always became 
manifest within 2 weeks of the start of therapy and 
never developed after discontinuing pentamidine (in 
patients with normal baseline QT intervals), although 
peak QT prolongation could occur as late as 5 days 
after termination of pentamidine. 

Among patients who developed QT prolongation, a 
detailed comparison of quantitative electrocardio- 
graphic characteristics at baseline and at peak QTc 
(Table II) revealed significant increases in earl y 
(SoTinc mean difference + 48 ms, 95% CI 0 to +97) 
and late (TT mean difference + 66 ms, 95% CI + 
13 to +120) repolarization duration. There was a 
significant decrease in heart rate (mean difference 
—13 beats/min, 95% CI —3 to —23 beats/min), which 
was comparable to the average decrease in heart rate 
over the course of therapy for patients who did not 
develop QT prolongation (mean difference —12 beats/ 


FIGURE 1. Product-limit estimate of the 
cumulative incidence of QT prolongation 
(QTP) during intravenous pentamidine 
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TABLE IIl Clinical Features in Patients With and Without QT 
Prolongation 


Normal QT 
(n = 21) (n = 10) 


Age (years) 40 (34 to 46) 44 (32 to 55) 0.59 

Men/women 17/4 7/3 0.65 

Mean daily pentamidine 4.0 (3.9 to 4.1) 4.3 (3.8 to 4.7) 0.11 
dose (mg/kg/day) 

Previous courses of i.v. 
pentamidine 

Percent hypokalemia 
during therapy 

Percent hypomagne- 
semia during 
therapy 


QT Prolongation 
p Value 


0.4(0.1to0.6) 0.8(0.1to1.4) 0.22 


19% (8to41%) 70% (39 to 89%) 0.01 


57% (36 to 76%) 80% (48 to 95%) 0.26 


Data are expressed as mean values with 95% confidence intervals where appropri- 
ate. 
i.v. = intravenous. 


min). There were no significant differences in QRS 
duration or repolarization heterogeneity (SoTm-SD). 
Two patients had T-wave discordance (T axis — QRS 
axis >+90 or <—90) before pentamidine treatment, 
and | additional patient had T-wave discordance at 
the time of peak QTc. 

A comparison of clinical attributes of patients with 
and without QT prolongation is listed in Table III and 
a comparison of their quantitative electrocardio- 
graphic features in Table IV. Patients developing QT 
prolongation had a higher incidence of hypokalemia 
during therapy (70 vs 19%, p = 0.01). QT prolonga- 
tion was not significantly related to age, gender, hypo- 
magnesemia during therapy, the mean daily dose of 
pentamidine, the number of previous courses of pen- 
tamidine, or to any of the pretreatment electrocardio- 
graphic features. There were no symptomatic sus- 
tained tachyarrhythmias in this population, but pen- 
tamidine was discontinued in 2 of the 10 patients with 
QT prolongation when frequent or complex ventricu- 
lar ectopy was observed; in both cases the ectopy sub- 
sequently diminished. In 2 other cases pentamidine 
was discontinued because of QT prolongation in the 
absence of documented ventricular ectopy. One pa- 
tient with OT prolongation who did not have an event 
during this course of pentamidine developed QT pro- 
longation and torsades de pointes during a subsequent 
course of treatment. 

One patient had a baseline QTc of 597 ms that 
shortened to normal within 3 days of starting pentam- 
idine therapy and which reached a nadir at 425 ms 
after 13 days of therapy. She was taking no other 
drugs known to affect ventricular repolarization. 
Within 1 day of the completion of her course of treat- 
ment her QTc became prolonged again, reaching a 
maximum of 582 ms on the seventh day after cessa- 
tion of pentamidine. 

QT prolongation and torsade de pointes in patients 
with the acquired immunodeficiency syndrome and 





TABLE IV Baseline Quantitative Electrocardiographic Features 
in Patients With and Without QT Prolongation 


Normal QT 
(n = 21) 


QT Prolongation 


(n = 10) p Value 


QTc (ms) 430 (421 to 438) 445 (427 to 462) 0.11 
HR (beats/min) 95 (86 to 104) 102 (92 to 112) 0.34 
T-wave discordance 5% (1 to23%) 20% (6to52%) 0.24 
QRS (ms) 87 (83 to 91) 86 (79 to 93) 0.82 
SoTme (ms) 212 (201 to 223) 236 (200 to 273) 0.19 
TmTo (ms) 88 (79 to 96) 75 (51 to 99) 0.28 
SoTm-SD (ms) 11 (8 to 14) 19 (11 to 28) 0.07 


Data are expressed as mean values with 95% confidence intervals where appropri- 
ate. 
Abbreviations as in Table Il. 


Pneumocystis carinii pneumonia are likely to be multi- 
factorial in origin. Wharton et al! observed that pentami- 
dine is structurally similar to the type Ia antiarrhythmic 
agent procainamide. Electrolyte abnormalities and mal- 
nutrition, which have been implicated in the pathogenesis 
of torsades de pointes in other clinical settings,!°' 
may also play a role,° as may human immunodeficiency 
virus-mediated myocarditis.'+!° The present study re- 
veals a high incidence of QT prolongation developing 
early in the course of pentamidine therapy. Hypokale- 
mia, which can lead to giant U waves and TU fusion that 
may simulate QT prolongation, was associated with pen- 
tamidine-related QT prolongation but was not invariably 
present. QT prolongation in these patients consisted of 
increases in both early and late repolarization duration, 
suggesting that hypokalemia-related TU fusion was not 
the sole cause of the repolarization abnormality.?:'® 
At least 2 of 10 patients with QT prolongation devel- 
oped potential “warning” arrhythmias: frequent ventric- 
ular premature complexes in | and nonsustained ventric- 
ular tachycardia in another. In both patients the ar- 
rhythmias resolved after pentamidine was discontinued. 
Because our patients did not undergo continuous electro- 
cardiographic monitoring, this study cannot address the 
incidence of asymptomatic arrhythmias. However, no 
patient in this series developed a symptomatic sustained 
ventricular arrhythmia. This suggests that our current 
strategy of frequent electrocardiographic and electrolyte 
determination, aggressive electrolyte and nutritional sup- 
plementation, and substitution of an alternative therapy 
for intravenous pentamidine in patients with QT prolon- 
gation who have frequent or complex ventricular ar- 
rhythmias, can be associated with a relatively low risk of 
serious cardiac morbidity during pentamidine therapy. 
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Noncapturing Stimuli During the Basic Drive Shorten Ventricular 


Refractoriness 


Jonathan J. Langberg, MD, Hugh Calkins, MD, Jodo Sousa, MD, Rafel El-Atassi, MD, 


and Fred Morady, MD 


tudis of ventricular programmed stimulation in 

animals! and a recent study in humans? showed 

that increasing the stimulation intensity of the 
basic drive -rain (S1) shortened the effective refractory 
period (ERP). This effect was independent of the intensi- 
ty of the extrastimulus (S2). The mechanism of this 
shortening øf refractoriness by high-current intensity is 
unknown. The effect disappears when the sites of pacing 
and extrastimulation are separated by >2 cm,! suggest- 
ing that hig1-current stimulation shortens refractoriness 
through changes in the sequence of local activation. Lo- 
cal sympathetic activation may also play a role, because 
autonomic tlockade significantly attenuates the shorten- 
ing in refractoriness that occurs with an increase in the 
strength of the current of the basic drive train.2 This 
study better defines the mechanism by which intense 
stimulation shortens refractoriness. High-current intensi- 
ty stimuli were applied during the absolute refractory 
period of the basic drive train during measurement of 
ERP. This allowed evaluation of the effect of stimulation 
intensity om ventricular refractoriness independent of 
changes in beal activation sequence. 

This study was performed during the course of a 
clinically irdicated electrophysiologic test in 20 pa- 
tients. Incltesion criteria were as follows: (1) absence 
of known structural heart disease; (2) discontinuation 
of antiarrh)shinic drugs =5 half-lives before the test; 
(3) absence of inducible, sustained ventricular tachy- 
cardia/fibridation; (4) absence of ventricular ectopy 
during overdrive pacing; and (5) stable ventricular 
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capture threshold <1 mA. The study included 10 men 
and 10 women (mean age 38 years, range 15 to 77), 
Documented supraventricular tachycardia was the in- 
dication for study in 18 patients. One patient was 
being tested because of unexplained syncope, and an- 
other had been resuscitated from an episode of ven- 
tricular fibrillation. 

Electrophysiologic testing was performed in the 
fasting, unsedated state after informed, written con- 
sent had been obtained. The study protocol was ap- 
proved by the Human Research Committee. Two or 
three 6Fr quadripolar electrode catheters (Bard Elec- 
trophysiology) were inserted into a femoral vein and 
positioned in the heart as clinically indicated. Surface 
and intracardiac electrograms were recorded on a Sie- 
mens-Elema Mingograf 7 recorder. 

The experimental protocol was performed at the 
conclusion of the clinical test. A 6Fr quadripolar elec- 
trode catheter with 1 cm interelectrode Spacing was 
positioned in the apex of the right ventricle. Bipolar 
pacing, with the distal electrode serving as the cathode 
and the adjacent ring electrode (pole 2) as the anode, 
was used throughout. The output of a stimulator 
(Bloom Associates, Narberth, Pennsylvania) trig- 
gered 2 stimulus isolation units (Bloom Associates) 
that delivered 2 ms square wave pulses with output 
currents continuously variable from 0 to 10 mA. To 
deliver conditioning stimuli of varying intensity while 
maintaining the intensity of S1 constant, these 2 stim- 
ulus isolation units were connected parallel to the 
distal poles of the right ventricular electrode catheter 
(Figure 1). Testing under load with a pacing systems 
analyzer showed no change in pulse width or ampli- 
tude from either unit as a result of coupling the out- 
puts together. 
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Programmed stimulation was performed witha 10 
beat basic drive train at a cycle length of 500 or 600 
< ms. The intensity of the currents of S1 and S2 were 
maintained at twice late diastolic threshold (mean 0.5 
+ 0.1 mA), and a 2 second intertrain interval was used 
throughout the study. To eliminate confounding ef- 
fects due to variation in mean cycle length, refractori- 
ness was assessed by introducing S2 at a coupling 
interval less than ERP and by incrementing the S2 
coupling interval in steps of 2 ms until capture.? To 
ensure steady state conditions, programmed stimula- 
tion was performed for 1 minute before each ERP 
measurement. ERP was defined as the longest S1-S2 
interval that was consistently unsuccessful in evoking 
a ventricular depolarization. 

After ERP was measured at baseline, the same 
programmed stimulation protocol was repeated with 
5 mA conditioning stimuli introduced 100 ms after 
each of the first 9 S1s of the basic drive (Figure 1). To 
prevent direct electrotonic interaction between the 
conditioning stimulus and S2, the tenth and final beat 
of the basic drive train had no conditioning stimul us.4 
ERP was next measured during application of 10 mA 


gm 


STIMULATOR 


FIGURE 1. Apparatus and pacing proto- 
col. To introduce conditioning stimuli of 


isolation units were connected in parallel 

to the distal poles of an electrode catheter 
in the right ventricular apex. Conditioning 
stimuli were applied 100 ms after all but 

the last beat of the basic drive train. 


drive train; S2 = extrastimulus. 


conditioning stimuli. Finally, ERP determination was 
repeated without conditioning stimuli to assess the 
stability of refractoriness over time. 

Patients 11 through 20 had this protocol per- 
formed before and 10 minutes after pharmacologic 
autonomic blockade. Atropine and propranolol were 
administered intravenously in doses of 0.04 and 0.2 
mg/kg, respectively. These doses have been shown to 
block the chronotropic effects of isoproterenol.’ In- 
trinsic heart rate was measured at the beginning and 
end of this phase of the study to assess the stability of 
the autonomic blockade. 

Results are expressed as mean + standard devi- 
ation. Comparison of ventricular ERPs with and 
without conditioning stimuli was performed using 
analysis of variance for repeated measures. Compari- 
son of intrinsic heart rates at the beginning and end of 
the pacing protocol during autonomic blockade was 
performed using Student's t test for paired variables. 
A p value <0.05 was considered significant. 

ERP decreased from 241 + 12 at baseline to 236 + 
13 ms after the addition of 5 mA conditioning stimuli 
to the basic drive train (p <0.05; Figure 2). Mean 


CONSTANT-CURRENT 
STIMULUS 
ISOLATION UNITS 


ek eee: a: ae Se a rik ne S 
C S, = conditioning stimulus; $1 = basic si] st 


S1 S1 S1 S1 S1 S1 S1 S1 S2 


—P <4—100 msec 


FIGURE 2. Effects of high-current 
strength ioning stimuli on ventricular 
effective refractory period (VERP) before 
and after autonomic blockade. Results are 
expressed as percentage of baseline 
VERP. *p <0.05 vs baseline; **p <0.05 
vs VERP measured with 5 mA condition- 
ing stimuli. 
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ERP was significantly less (224 + 13 ms) when the 
measurement was performed with 10 mA conditioning 
stimuli (p <0.05). A final ERP measurement without 
conditioniag stimuli was not significantly different 
from basetne (239 + 12 ms). 

Patients 11 through 20 received a mean of 2.7 + 
0.6 mg of atropine and 14 + 3 mg of propranolol. 
Ten minutes later, at the beginning of the ERP mea- 
surements mean intrinsic heart rate was 99.3 + 10 
beats/min. At the end of the pacing protocol, mean 
heart rate was 99.8 + 17 beats/min (p = not signifi- 
cant). Baseline ERP during autonomic blockade was 
231 + 18 ris. There was no significant change in ERP 
with the addition of 5 or 10 mA conditioning stimuli 
(231 + 17 and 231 + 16 ms, respectively). The repeat 
baseline measurement of ERP without conditioning 
stimuli was 230 + 17 (p = not significant versus base- 
line; Figure 2). 

The results of this study demonstrate that high-cur- 
rent intens ty stimuli that do not result in ventricular 
capture cam nevertheless shorten ventricular refractori- 
ness. Measurements of ERP were made before and dur- 
ing the adcition of conditioning stimuli applied 100 ms 
after S1. At an intensity of 5 mA, these stimuli shortened 
ERP by a mean of 9.8 + 5.1 ms. ERP decreased by a 
mean of 17.1 + 7.5 ms at a conditioning stimulus intensi- 
ty of 10 mA. This shortening effect of high-current stim- 
uli on ventricular refractoriness was completely abolished 
by autonomic blockade with atropine and propranolol. 

In a study of epicardial pacing in dogs, Avitall et al! 
noted a meen decrease in ERP of 23 ms when S1 intensi- 
ty was increased from | to 10 times threshold. Similarly, 
a recent clinical study showed that an increase in the 
intensity of the drive train stimulus from 1 to 10 mA 
produced a 22 ms decrease in mean ventricular ERP.” 

The mechanism by which high-current strength stim- 
ulation shortens local refractoriness has not been defined. 
When the strength of the pacing current is increased, a 
progressively larger volume surrounding the electrode is 
depolarized simultaneously.® The resultant synchroniza- 
tion of local activation and repolarization would tend to 
shorten action potential duration and the ERP.’ 

The results of this study suggest that changes in acti- 
vation sequence do not mediate shortening of ERP. The 
conditioning stimuli were delivered 100 ms after S1, long 
after the completion of local excitation and during the 
absolute refractory period. Conditioning stimuli had no 
effect on the morphology of the local electrogram or the 
surface QR. Therefore, it seems unlikely that the de- 
crease in ERP produced by these stimuli was related to 
any effects an local activation. 

Studies of isolated myocardial preparations in vitro 
have demonstrated the release of substantial quantities of 
autonomic neuromediators with electrical stimulation.*-? 


In a study of ventricular fibrillation threshold in dogs, 
high-frequency pacing produced effects that appeared to 
be mediated by local release of norepinephrine.!9 The 
magnitude of autonomic effects was proportional to the 
intensity of stimulation. 

The shortening of ERP by conditioning stimuli was 
completely reversed by autonomic blockade, which is 
consistent with the hypothesis that intense stimulation 
activates sympathetic nerve terminals and causes local 
release of norepinephrine. An electrical effect on auto- 
nomic fibers would be independent of the cardiac cycle 
and could account for the electrophysiologic effects of 
stimuli applied during the absolute refractory period. 

This study shows that the strength of the current of 
stimulation has a significant effect on ventricular refrac- 
toriness independent of the strength-interval relationship. 
Therefore, changes in the intensity of programmed stim- 
ulation may result in variability in measured ERP due to 
fluctuation in local catecholamine release. This suggests 
that use of a constant stimulus intensity may be prefera- 
ble to the arbitrary choice of twice diastolic threshold and 
may enhance reproducibility. Increasing the intensity of 
the current during programmed stimulation has been 
shown to promote the induction of nonclinical arrhyth- 
mias.!!-12 The results of this study suggest that the local 
release of catecholamines may contribute to this phe- 
nomenon. 


1. Avitall B, Levine HJ, Naimi S, Donahue RP, Pauker SG, Adam D. Local 
effects of electrical and mechanical stimulation on the recovery properties of the 
canine ventricle. Am J Cardiol 1982;50:263-270. 

2. Langberg JJ, Calkins H, Sousa J, El-Atassi R, Morady F. Effects of drive train 
stimulus intensity on ventricular refractoriness in humans (abstr). PACE 
1991;14:626. 

3. Morady F, Kadish AH, Kushner JA, Toivonen LK, Schmaltz S. Comparison of 
ventricular refractory periods determined by incremental and decremental scan- 
ning of an extrastimulus. PACE 1989;12:546-554. 

4. Prystowsky FN, Zipes DP. Inhibition in the human heart. Circulation 
1983;68:707-713. 

5. Jose AD, Taylor RR. Autonomic blockade by propranolol and atropine to study 
intrinsic myocardial function in man. J Clin Invest 1989:48:2019-2031. 

6. Frazier DW, Krassowska W, Chen P-S, Wolf PD, Dixon EG, Smith WM, 
Ideker RE. Extracellular field required for excitation in three-dimensional aniso- 
tropic canine myocardium. Cire Res 1988;63:147-164. 

7. Osaka T, Kodama I, Tsuboi N, Toyama J, Yamada K. Effects of activation 
sequence and inisotropic cellular geometry on the repolarization phase of action 
potential of dog ventricular muscles. Circulation 1987:76:226-236. 

8. Blinks JR. Field stimulation as a means of effecting the graded release of 
autonomic transmitters in isolated heart muscle. J Pharmacol Exp Ther 
1966;151:221-235. 

9. Brady AJ, Abbott BC, Mommaerts WFHM. Inotropic effects of trains of 
impulses applied during the contraction of cardiac muscle. J Gen Physiol 
1960;44:415-432. 

10. Euler DE. Norepinephrine release by ventricular stimulation: effect on fibril- 
lation threshold. Am J Physiol 1980;238:H-406-H-413. 

11. Morady F, DiCarlo LA, Liem LB, Krol RB, Baerman JM. Effects of high 
stimulation current on the induction of ventricular tachycardia. Am J Cardiol 
1985;56:73-78. 

12. Brugada P, Abdollah H, Wellens HJJ. Sensitivity of a ventricular stimulation 
protocol using two ventricular extrastimuli at twice diastolic threshold and 20 mA. 
J Am Coll Cardiol 1984;3:609. 


1096 = THE 4MERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 15, 1991 


"e. 


Role of Dipyridamole Thallium-201 Imaging in Left Bundle 


Branch Block 


George Larcos, MB, BS, FRACP, Manuel L. Brown, MD, and Raymond J. Gibbons, MD 


xercise thallium-201 imaging is of limited diag- 
nostic accuracy in patients with left bundle 
branch block (LBBB), because decreased septal 
activity often occurs in the absence of left anterior de- 
scending artery disease.'!-? A combination of tachycar- 
dia, shortened diastolic relaxation time and asynchro- 
nous contraction are considered to be responsible for this 
phenomenon.!? Recently, it has been suggested that di- 
pyridamole thallium-201 scintigraphy significantly im- 
proves specificity in patients with LBBB by assessing 
coronary flow reserve at lower heart rates.* Relatively 
few patients in the latter report, however, had angio- 
graphic correlation. Accordingly, this study compares 
this technique with angiographic findings in a larger 
group of patients with LBBB at rest. 
Over a 5-year period from June 1985 to February 
1991, 24 adults with LBBB at rest had dipyridamole 
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TABLE I Clinical, Scintigraphic and Angiographic Findings 


Age (yr) Peak HR Peak BP TI-201 


thallium-201 single-photon emission computed to- 
mography and coronary angiography within an inter- 
val of 6 months with no revascularization procedures 
or clinical events in the interim. There were 14 men 
and 10 women, aged 46 to 82 years (mean 68). Dipy- 
ridamole thallium-201 scanning was performed for 
assessment of suspected or proven coronary artery 
disease in patients unable to exercise (n = 14) or for 
cardiac risk before vascular or orthopedic surgery 
(n = 10). Mean peak heart rate after intravenous in- 
fusion of dipyridamole (0.56 mg/kg over 4 minutes) 
was 82 beats/min (range 60 to 100) (Table 1). 
Immediate and delayed tomographic images were 
acquired using a large field-of-view gamma camera 
equipped with a low-energy all purpose collimator. A 
15% window was centered on the 69 keV x-ray peak of 
thallium-201 with a 10% window >170 keV. A 180° 
circular orbit was used with 30 projections at 40 sec- 
onds per stop. One-pixel-thick transaxial slices were 
generated by filtered back projection using a Ramp- 
Hanning filter. Segmental myocardial perfusion was 
evaluated by qualitative and quantitative techniques. 


Percent Diameter Reduction of Coronary Arteries 


& Sex 


(beats/min) 


(mm Hg) 


Indication 


Chest pain 
Preop. 
Chest pain 
Chest pain 
Dyspnea 
Chest pain 
Chest pain 
Preop. 
Preop. 
Preop. 
Preop. 
Post MI 
Post MI 
Dyspnea 
Preop. 
Chest pain 
Preop. 
Preop. 
Dyspnea 
Chest pain 
Chest pain 
Dyspnea 
Preop. 
Preop. 


(qual./quant.) 


S,An,Ap/— 
S/S,Ap 

Ap/Ap 
S,A,Ap/— 
S,An,Ap/S,An,Ap 
N/Ap 
S,An,Ap/— 
S,An,Ap/— 
N/— 

N/S 

$,An,Ap/— 
N/Ap 
S,An,Ap/S,Ap 
N/Ap 

S,Ap/S,Ap 

An/N 
S,Ap/S,An,Ap 
An,Ap/Ap 
S,An,Ap/S,An,Ap 
N/— 
S,An,Ap/S,An,Ap 
S$/— 

S,An/S,Ap 
S,An,Ap/S,Ap 
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*Significant left anterior descending artery territory disease. Defects in the inferior and lateral wall are not listed. 

An = anterior wall defect; Ap = apical defect; BP = blood pressure; DB = diagonal branches; HR = heart rate; LAD = left anterior descending artery; LC = left circumflex artery; 
LM = left main coronary artery; MI = myocardial infarction; N = normal; Preop. = preoperative vascular or orthopedic surgery; qual. = qualitative analysis; quant. = quantitative 
analysis; S = septal defect; SB = septal branch; TI-201 = thallium-201; — = not available. 
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SEGMENTAL ANATOMY ON SHORT-AXIS 
TOMOGRAPHIC IMAGE 


Anterior wall 











Anterior 
septum 







Lateral wall 






Inferior 
septum 








Inferior wall 


FIGURE 1. Lecation of anterior septum on short-axis tomo- 
graphic view. Isolated perfusion abnormalities in the inferior 
septum were considered indeterminate for disease of the left 
anterior descending artery. 


In the forr, all studies were interpreted by consen- 
sus of 2 experienced physicians without knowledge 
of clinical. electrocardiographic or coronary angio- 
graphic data. Because of the dual blood supply of the 
septum,’ ovily abnormalities within the anterior por- 
tion on short-axis views were considered indicative of 
disease of *he left main coronary or left anterior de- 
scending arteries (Figure 1). Quantitative analysis 
was perforned in 16 patients using a previously de- 
scribed me Aod.° Perfusion defects occupying >3% of 
the myocazdium and 2.5 standard deviations below 
normal limits were defined on the basis of a normal 
data base. The studies of the remaining 8 patients 
could not bz analyzed because of technical difficulties 
relating to retrieval and analysis of some archived 
data. 

Coronary angiography was performed using stan- 
dard views with cranial and caudal angulation when 
necessary. The degree of coronary artery stenosis was 
determined visually by an experienced observer. Sig- 
nificant na-rowing was judged present when it was 
>50% in tae left main coronary or 70% in the left 
anterior descending artery, diagonal or first septal 
branches. 

Significent stenosis of vessels within the left ante- 
rior descending artery was present in 16 patients. Of 
these, septa’ perfusion defects were present in 12 of 16 
and 7 of 10 patients as determined by qualitative and 
quantitative methods, respectively. In patients with- 
out disease. 3 of 8 (qualitative) and 3 of 6 (quantita- 
tive) exhibi.ed septal perfusion abnormalities (63 and 
50% specifrcity, respectively) (Table 1). 

Coronar% artery disease is a common cause of resting 
LBBB. However, reversible or fixed perfusion defects in 
the septum en exercise thallium-201 tomographic imag- 
ing have low specificity (10%) for coronary artery dis- 
ease.” In a series of experiments conducted in a canine 
model, Hirz2i et al! illustrated that the combination of 


rapid ventricular pacing and LBBB caused a profound 
reduction in perfusion to the septum, relative to the later- 
al wall. DePuey et al? emphasized that significant tachy--» 
cardia at peak exercise was an important contributing 
factor to septal hypoperfusion. 

Intravenous dipyridamole thallium-201 scintigraphy 
is an accepted alternative in patients unable to exercise 
and in assessment of cardiac risk before vascular sur- 
gery. This agent induces coronary vasodilatation with- 
out a concomitant increase in myocardial oxygen de- 
mand. Pressure gradient changes in stenosed vessels are 
responsible for perfusion heterogeneity.® The recent ap- 
proval of the intravenous form of dipyridamole has in- 
creased its appeal for widespread use in nuclear cardiolo- 
gy. 

The sensitivity and specificity in our series are an 
improvement over results previously reported with exer- 
cise.!-? The low mean peak heart rate in our group may 
be an important factor in the relatively high specificity. 
However, false-positive studies were still identified; these 
results confirm that factors other than heart rate contrib- 
ute to abnormal septal perfusion, and suggest that diag- 
nosis of disease of the left anterior descending artery in 
patients with LBBB may be less than ideal, even with 
dipyridamole. 

Important limitations of our study include its retro- 
spective design and analysis of a small population in 
whom prevalence of coronary artery disease was high; 
the specificity estimates are, in particular, based on few 
patients. Furthermore, angiographic data may correlate 
incompletely with findings on dipyridamole thallium-201 
tomographic imaging. Nevertheless, our preliminary 
experience suggests that dipyridamole merits further 
evaluation as an alternative to exercise in the evaluation 
of patients with LBBB. Larger studies of patients with 
LBBB may more accurately determine the specificity of 
this test for disease of vessels within the left anterior 
descending artery. 
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Unexpected Ventricular Tachyarrhythmias Soon After Cardiac 


Surgery 


Peter M. Sapin, MD, Alan K. Woelfel, MD, and James R. Foster, MD 


ardiac arrest due to ventricular tachyarrhyth- 

mia occurring after cardiac surgery is a rare but 

catastrophic event. When arrhythmia is clearly 
precipitated by perioperative myocardial infarction, he- 
modynamic instability or electrolyte derangement, the 
therapeutic approach is dictated by these circumstances. 
However, often an etiology is not readily apparent, and 
little has been published to guide the management of 
such patients.!:2 This report provides additional clinical 
information on the occurrence of postoperative sustained 
ventricular tachyarrhythmias and describes an approach 
to differentiating patients with arrhythmias due to tran- 
sient conditions from those with a persistent substrate 
and long-term arrhythmic susceptibility. 

We identified 19 patients treated at the University 
of North Carolina Hospital between March 1985 and 
January 1990 for sustained ventricular tachycardia 
or ventricular fibrillation occurring <7 days after 
cardiac surgery, and who had no preoperative history 
of these arrhythmias. To obtain a group in which 
management was problematic, we excluded 2 patients 
with arrhythmias in the context of refractory hypo- 
tension, 2 patients with the typical electrocardio- 
graphic evolution of Q-wave myocardial infarction, 
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TABLE I Clinical Data 


Cardiac Drugs 
at First 
Arrhythmia 


Days from 
Surgery to 


CABG 
CABG 
CABG 
CABG/MVR 
CABG 
CABG 
CABG 
CABG 
CABG, An 
CABG 
AVR 
MVR 
AVR 


*Noncardiac death. 


First Arrhythmia 


and 2 patients who died before their arrhythmias 
could be properly evaluated. The remaining 13 pa- 
tients comprise the basis of this report. 

Clinical data are listed in Table I. Coronary artery 
bypass grafting alone was performed in 8 patients, 
and valve replacement alone in 3 patients. Coronary 
artery bypass grafting with left ventricular aneurys- 
mectomy was performed in I patient and coronary 
artery bypass grafting with mitral valve replacement 
in 1. The 10 patients with coronary disease had mul- 
tivessel disease and left ventricular wall motion ab- 
normalities (mean ejection fraction 41%). In the 3 
patients with only valvular disease, left ventricular 
function was normal in 2 and diffusely abnormal in 1. 

The onset of the arrhythmia varied from intra- 
operatively to 7 days postoperatively. All but | patient 
(patient 10, who had sustained monomorphic ventric- 
ular tachycardia during weaning from cardiopulmo- 
nary bypass) had hemodynamic collapse from the 
arrhythmia. All were resuscitated with electrical car- 
dioversion and eventually were discharged without 
neurologic sequelae, but rhythm strips or written no- 
tations confirmed ventricular tachycardia or ventricu- 
lar fibrillation as the cardiac arrest rhythm in all. 
Drugs administered at the time of the arrhythmia 
included digitalis in 6 patients (all serum levels <1.6 
ng/ml), low-dose dobutamine in 2, lidocaine in 2, pro- 
cainamide in 1, and aerosolized metaproterenol in 1. 

Additional episodes of early postoperative sus- 
tained ventricular tachycardia or ventricular fibrilla- 


Follow-Up Late 
Duration Arrhythmia 
Therapy (mos) Recurrence 


Early VT-Induced 
Recurrence atEPS 


0 
0 


BB 
0 


NSPVT PA 
SMVT AICD 
O (on PA) PA x 24 mo 
SMVT (on A) A, AICD 
— A 
SMVT AICD 
BB 
0 
A 


0 
0 
0 
0 
0 
0 
S 
M 
M 
M 
S 
0 
M 


OOF O FOO Or OOOO 


A*= amiodarone; AICD = automatic implantable cardioverter/defibrillator; An = aneurysm resection; AVR = aortic valve replacement; BB = B-blocking drug; CABG = coronary 
artery bypass grafting; D = digitalis; Do = dobutamine; EF = ejection fraction; EPS = electrophysiologic study; L = lidocaine; M = multiple recurrence; ME = metaproterenol; MVR = 
mitral valve replacement; NSPVT = nonsustained polymorphic ventricular tachycardia; PA = procainamide; Preop. = preoperative; S = single recurrence; SMVT = sustained 
monomorphic ventricular tachycardia; O = none; + = symptoms followed by AICD discharge; — = not performed, not applicable. 





BRIEF REPORTS 1099 


7 Ps Sis os). 
ae ee OV rear te me) SO, ae ee ae 


Ew t 


tion occurred in 6 patients. In 5, recurrence was before 
hospital diseharge and <4 days after the first event. 
Multiple recurrences (over 3 to 18 days) occurred in 3 
patients, whereas 2 had only 1 recurrent episode. The 
sixth patieri (no. 8) was discharged without therapy, 
but was recdmitted 17 days after the initial cardiac 
arrest with syncope and multiple episodes of sus- 
tained ventricular tachycardia. 

Electropaysiologic study, consisting of up to 3 ven- 
tricular extrastimuli delivered at 2 right ventricular 
sites during ventricular pacing at 2 cycle lengths, was 
performed *o guide management in 11 of the 13 pa- 
tients. In 9 patients, the electrophysiologic study re- 
sult determined whether chronic antiarrhythmic ther- 
apy was administered. Six of these 9 patients (nos. | 
to 4, 11 and 12) had no inducible ventricular tachy- 
cardia or ventricular fibrillation in the absence of 
antiarrhythmic drugs and were discharged without 
antiarrhythmic therapy other than 8 blocker given to 
2 patients. None had late recurrent arrhythmia, al- 
though | di2d of noncardiac causes 3 months later. 
Sustained monomorphic ventricular tachycardia was 
induced in ike absence of therapy in 2 patients (nos. 6 
and 10) who underwent implantation of an automatic 
cardioverte~ defibrillator; both subsequently experi- 
enced device discharges preceded by near syncope. In 
the ninth patient (no. 5), nonsustained (<15 beats) 
polymorphs ventricular tachycardia was induced in 
the absence of therapy and became noninducible after 
administraiwon of procainamide; no arrhythmia re- 
curred durimg long-term therapy with this agent. 

In 2 patents (nos. 7 and 8) with early ventricular 
tachycardic recurrences, electrophysiologic study was 
not performed until after administration of empiric 
medical therapy. Patient 7 had no inducible ventricu- 
lar tachycardia with procainamide and no late recur- 
rence despite subsequently discontinuing this agent. 
Patient 8 had sustained ventricular tachycardia in- 
duced on amiodarone and received an automatic im- 
plantible ccrdioverter defibrillator, but no symptoms 
or device dscharges occurred during follow-up with 
amiodarone therapy. 

Electropaysiologic study was not performed in 2 
patients whe had multiple early recurrences of sus- 
tained ventricular tachycardia or ventricular fibrilla- 
tion and in whom several drug regimens were unsuc- 
cessful befere apparently responding to amiodarone. 
Both were ¢ischarged with this agent; neither had late 
recurrent arrhythmia. 

The only 2 previous studies of new-onset sustained 
ventricular tachyarrhythmias after cardiac surgery re- 
ported the “requency of this complication to be 0.7 to 
1.4%.! Patients in both studies were heterogeneous with 
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respect to clinical features, presentation, outcome and 
presumed pathophysiology, and no consistent factors 
predicted the occurrence of postoperative arrhythmia. In 
many patients, the need for long-term antiarrhythmic 
therapy was rarely in question at hospital discharge. 
Chronic therapy was necessitated by numerous recur- 
rences of arrhythmia in some, while others died in the 
hospital. Both studies also included patients whose initial 
arrhythmia occurred as late as | to 5 months after sur- 
gery. 

Our study was limited to arrhythmias occurring <7 
days postoperatively, and only 3 of 13 patients had suffi- 
cient recurrent arrhythmia to mandate chronic antiar- 
rhythmic therapy. In the remaining 10, the likelihood of 
late recurrent arrhythmia was uncertain. Our experience 
indicates that electrophysiologic study is useful in assess- 
ing this likelihood. It correctly predicted absence of re- 
current arrhythmia in the 6 patients not treated, and 
persistent susceptibility in the 2 patients treated only with 
an automatic implantible cardioverter defibrillator. 

These studies indicate that postoperative sustained 
ventricular tachycardia or ventricular fibrillation may be 
due to either transient postoperative factors or a persis- 
tent arrhythmogenic substrate. Transient factors could 
include reperfusion of ischemic myocardium,? occult per- 
ioperative myocardial damage? or graft occlusion,! and 
endogenous or exogenous catecholamines,> whereas per- 
sistent susceptibility to arrhythmia could be a direct re- 
sult of myocardial structural alterations from the sur- 
gery. It is also conceivable that the substrate for ventricu- 
lar tachycardia or ventricular fibrillation is already 
present before surgery in patients with left ventricular 
dysfunction. Our observations suggest that when obvi- 
ous precipitating factors and frequent recurrences are 
absent, electrophysiologic study is useful in distinguish- 
ing those who require chronic antiarrhythmic therapy 
from those with little long-term risk of recurrence. 
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Effects of Beta Blockade on the Relation Between Heart Rate and 
Ventricular Diastolic Perfusion Time During Exercise in Systemic 


Hypertension 


Giuseppe Ferro, MD, Carlo Duilio, MD, Letizia Spinelli, MD, Marco Spadafora, MD, 


Franco Guarnaccia, MD, and Mario Condorelli, MD 


t is well known that cardiovascular response to exer- 
cise involves sympathetic stimulation of the heart 
and peripheral vessels and that 8 blockade interferes 
with adrenergic response during exercise. When a de- 
crease in heart rate is prevented by atrial pacing, regional 
myocardial function and blood flow in ischemic areas 
tend to be more depressed after 8 blockade, suggesting 
that 8 blockade could unmask an a adrenergic vasocon- 
striction, worsening regional blood flow and function. ! 
An alternative hypothesis might be that 6 blockade mod- 
ifies the relation between diastolic time and heart rate. In 
fact, there is also some evidence that 6 blockade impairs 
the postexercise diastolic time im patients with coronary 
artery disease. However, this effect is not clearly ex- 
plained, since ischemia alone could interfere with diastole 
duration.2-+ Moreover, the effect of 8 blockade on dia- 
stolic time during exercise is still unknown. This study 
investigates the effects of 8 blockade on diastolic time 
during exercise in hypertensive patients without stress- 
induced myocardial ischemia. 
Eight hypertensive patients (6 men and 2 women, 
mean age 47 + 5 years) without stress-induced isch- 
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emia were included in this study. After informed con- 
sent to participate in the study, they were enrolled 
according to the following criteria: normal electrocar- 
diogram and echocardiogram, normal thallium-201 
and technetium-99m scintigraphies at rest and during 
exercise. All patients underwent upright bicycle exer- 
cise before and 3 weeks after receiving B blockade 
(metoprolol 200 mg/day). All stress tests were per- 
formed in the morning (9 to 12 A.M.). The test began 
with an initial work load of 50 W and was increased 
20 W every 2 minutes. At rest and during the exercise 
test, the electrocardiographic leads were monitored by 
a computer-assisted system (Case Marquette). Fur- 
thermore, an electrocardiographic lead and a pulse 
tracing, obtained by ear photoplethismography 
(Rentsch’s apparatus), were recorded by an Irex II 
system at a paper speed of 100 mm/s. Two indepen- 
dent observers unaware of patient characteristics read 
the recordings. The results of these readings were 
averaged and the mean value was used in Statistical 
analysis of our data. Simultaneous measurements of 
arterial blood pressure, measured with a cuff sphyg- 
momanometer, and pulse tracings were also obtained 
at rest and at each stage of exercise. The following 
parameters were analyzed: heart rate, diastolic time, 
and systolic and diastolic blood pressures. The values 
of diastolic time represent the mean of 25 consecutive 


TABLE I Heart Rate, Systolic and Diastolic Blood Pressure, Diastolic Time at Rest and During Exercise Before (B) and After (A) 


Beta Blockade 


Heart rate (beats/min) 
B 
A 


p 
Systolic BP (mm Hg) 


Diastolic BP (mm Hg) 
B 
A 


p 
Diastolic time (ms) 


Data are expressed as mean + standard deviatien. 
BP = blood pressure; NS = not significant. 


Rest 
(n = 8) 


89 +8 
76+17 
<0.05 


164 + 10 
152 + 12 
<0.001 


101 +3 
96 + 10 
NS 


439 + 47 
576 + 217 
NS 


50 W 
(n = 8) 


111+10 
95+12 
<0.0001 


196 + 20 
166 + 15 
<0.0001 


116+ 11 
104 +9 
<0.001 


313 £57 
373 + 81 
<0.005 


70W 
(n = 8) 


126 + 8 
103 +8 
<0.001 


207 + 21 
173 + 21 
<0.001 


118+ 10 
104+ 6 
<0.001 


260 + 31 
334 + 55 
<0.005 


90 W 
(n = 5) 
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FIGURE 1. Relation between diastolic time and RR (R-R) in- 
terval before (open circles) and after (filled circles) 8 block- 

ade. Each poïnt represents the value at rest obtained in the 

8 patients. 


measurements, calculated by subtracting left ventric- 
ular ejection time from the RR interval (ms). Paired t 
test and linear regression analysis were used whenever 
appropriate. 

Table I iists the mean values of heart rate, diastol- 
ic time, and systolic and diastolic blood pressures at 
rest and ai each stage of exercise. Heart rate was 
significantly lower after 8 blockade both at rest and 
during exercise. Systolic blood pressure at rest was 
significantly lower after B blockade therapy, whereas 
diastolic blood pressure was not significantly differ- 
ent comparzd with baseline. Both pressures were sig- 
nificantly lower after B blockade during exercise. Dia- 
stolic time increased insignificantly after B blockade 
at rest, but significantly during exercise. To evaluate 
the effect cf B blockade on diastolic time, indepen- 
dently of bradycardia, diastolic time versus RR inter- 
val was plotted at rest and during exercise. A linear 
relation was found before and after B blockade both at 
rest and daring exercise. There was no significant 
difference ai rest before (y = —59.8 + 0.73x; r = 0.94) 
and after B blockade (y = —214.48 + 0.93x; r = 0.99) 
(Figure 1), but during exercise (Figure 2) there was a 
significant difference between the intercepts (p 
<0.0001) before (y = —131.55 + 0.83x; r = 0.9) and 
after B blockade (y = —206.92 + 0.9x; r = 0.92). 

This stucy was not performed to evaluate the effect of 
8 blockade n patients with arterial hypertension but to 
assess the efect of 6 blockade on diastolic time. Further- 
more, patient population was selected excluding subjects 
with myocardial hypertrophy, ventricular function im- 
pairment and stress-induced ischemia in order to avoid 
the influence of these factors on diastolic time. The re- 
sults of our study are in agreement with previous reports 
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FIGURE 2. Relation between diastolic time and RR (R-R) in- 
terval before (open circles) and after (filled circles) B block- 
ade. Each point represents the value during exercise stress 

testing obtained in the 8 patients. 


demonstrating that 6 blockade significantly reduces 
blood pressure and heart rate, with improved diastolic 
time both at rest and at each stage of exercise (Table I). 
Moreover, during exercise, 8 blockade—induced brady- 
cardia causes an increase in subendocardial blood flow 
and myocardial function, but the prevention of bradycar- 
dia by atrial pacing, after administration of 8 blockade, 
causes a worsening of myocardial function and blood 
flow in ischemic areas.! To assess the effect of 8 blockade 
on diastolic time, independently of its negative chronotro- 
pic action, we checked the relation between heart rate 
and diastolic time. The result demonstrated that at rest 
there was no significant difference in the relation be- 


tween heart rate and diastolic time before and after 8 q 


blockade (Figure 1). This observation is in agreement 
with previous reports,* and suggests that the effect of 8 
blockade on diastolic time at rest is due only to bradycar- 
dia. Conversely, during exercise there was a greater de- 
crease in diastolic time after administration of 8 block- 
ade, because the relation between heart rate and diastolic 
time changes during exercise after this therapy. It is well 
known that increased adrenergic stimulation during ex- 
ercise is one of the major factors determining left ventric- 
ular function; in particular, 8-receptor activation leads to 
an increase in heart rate, shortening of the refractory 
period and enhancement of myocardial contractility. In 
reducing the effects of catecholamines on myocardial 
contractility, 6 blockade produces a prolongation of left 
ventricular ejection time, and thus, a shorter diastolic 
time. This result has been observed only in patients with 
coronary artery disease during the recovery period.” In 
conclusion, during exercise, 6 blockade’s negative effect 
on diastolic time, masked by bradycardia, could further 
aggravate myocardial ischemia. 
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Usefulness of Hydralazine to Withdraw from Dobutamine in Severe 


Congestive Heart Failure 


Philip F. Binkley, MD, Randall C. Starling, MD, Donald F. Hammer, MD, and 


Carl V. Leier, MD 


he positive inotropic agent dobutamine has be- 

come an essential component of the short-term 

therapy of the patient with severe, decompen- 
sated ventricular failure.!-4 Although most patients with 
congestive heart failure may be managed with oral thera- 
py after hemodynamic stabilization with dobutamine, a 
significant proportion of patients do not tolerate with- 
drawal of this agent. Because effective oral positive ino- 
tropic agents are not available as a substitute for dobuta- 
mine,‘ these “dobutamine dependent” patients have little 
therapeutic option other than commitment to intrave- 
nous therapy for an indefinite period of time, generally in 
the in-hospital setting. Therefore, vasodilating com- 
pounds constitute the only remaining alternative form of 
therapy to replace intravenous dobutamine. Among 
these agents, hydralazine possesses properties that sug- 
gest that it may be the most suitable in assisting with- 
drawal from the inotropic support provided by dobuta- 
mine.®-® We, therefore, tested the hypothesis that oral 
administration of hydralazine with dose titration guided 
by hemodynamic monitoring will facilitate successful 
withdrawal of dobutamine in patients who have become 
dependent on this positive inotropic agent. 

The study group consisted of 5 consecutive pa- 
tients (2 men and 3 women aged 47 to 57 years, mean 
52 + 5) with severe dilated cardiomyopathy and ejec- 
tion fractions ranging from 10 to 15% (mean 12 + 2). 
All patients were treated for severe congestive heart 
failure with dobutamine and were identified as exhib- 
iting clinical and hemodynamic evidence of intoler- 
ance to dobutamine withdrawal consisting of worsen- 
ing symptoms of dyspnea, systemic hypotension or 
deterioration of renal function as the attending physi- 
cians attempted to discontinue intravenous dobuta- 
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mine. Having met these clinical criteria, hemodynam- 
ic intolerance to dobutamine withdrawal was verified 
after informed consent was obtained in accordance 
with the guidelines of the Human Subjects Review 
Committee of The Ohio State University. 

In all subjects, a Swan-Ganz catheter was inserted 
for hemodynamic monitoring. On the following morn- 
ing, hemodynamic baseline was established after 
which the hemodynamic response to reduction in do- 
butamine dose was assessed. The dobutamine infu- 
sion pump was placed behind a curtain so that the 
patient was unaware of the time and rate of dobuta- 
mine withdrawal. The dobutamine infusion rate was 
reduced at a rate of 2 ug/kg/min every 2 hours and 
hemodynamic parameters were measured at hourly 
intervals. Hemodynamic intolerance to dobutamine 
withdrawal was defined as presence of 1 of the follow- 
ing: (1) decrease in cardiac index to <2.2 liters/ 
min/m? or if the baseline measure was less than this 
value, a 10% decrease in cardiac index; (2) increase in 
pulmonary capillary wedge pressure to 20 mm Hg or 
an increase of 10% over the baseline value; and (3) 
decrease in systolic blood pressure to <70 mm Hg. If 
any of these criteria were met, the dobutamine infu- 
sion was returned to its original rate or a rate neces- 
sary to maintain systolic blood pressure >70 mm Hg 
or alleviate symptoms of congestive heart failure. 

Having established clinical and hemodynamic in- 
tolerance to dobutamine withdrawal, patients were 
allowed to reequilibrate for 1 hour, and then with- 
drawal from dobutamine with the addition of hydral- 
azine administration was attempted. Throughout the 
withdrawal period, dobutamine was reduced as in the 
previous phase of the protocol. An initial dose of 25 
mg of hydralazine was given immediately before the 
first reduction in the dobutamine infusion, and hy- 
dralazine was subsequently administered every 4 
hours. If at any time cardiac index decreased to <2.2 
liters/min/m? (or decreased below baseline in patients 
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with baseliwe indexes less than this value) or systolic 
blood pressure decreased to <70 mm Hg, the dobuta- 
mine infuston rate was maintained constant and the 
hydralazine dose was increased by 25 mg at the next 
administraiion to a maximal dose of 150 mg. Further 
decreases ir dobutamine were not permitted until car- 
diac index -eturned to a value of =2.2 liters/min/m? 
and systemic blood pressure increased to =70 mm 
Hg. If card ac index remained at = 2.2 liters/min/m? 
and systolic blood pressure remained =70 mm Hg, 
the hydralazine dose was maintained constant and 
dobutamine was decreased as previously noted. 

All vascdilator medications administered to the 
patients bejøre initiation of dobutamine were contin- 
ued throughout the protocol. All patients received 
intravenous diuretics and oral captopril (doses rang- 
ing from 6.25 to 100 mg in 24 hours). Two of the 
patients recaived isosorbide dinitrate (30 mg/day in 1; 
80 mg/day m the other), | received diltiazem ina total 
daily dose cj 90 mg, and 4 received digoxin with daily 
doses ranging from 0.125 to 0.25 mg. Doses of these 
medications were not altered throughout the protocol. 
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Total systemic vascular resistance (TSR) was cal- 
culated from the measured cardiac output and the 
mean systemic blood pressure according to the formu- 
la TSR = (mean systemic blood pressure/cardiac 
output) X 80 dynes + s/cm.° All data are presented as 
mean + standard deviation. Student's t test for paired 
data was used to compare hemodynamic data mea- 
sured during dobutamine administration and before 
hydralazine dosing with values obtained after with- 
drawal of dobutamine. Probabilities <0.05 were de- 
fined as statistically significant. 

The initial dose of dobutamine in these 5 patients 
ranged from 10.4 to 20.0 wg/kg/min (mean + stan- 
dard deviation = 13.4 + 3.8). All 5 patients exhibited 
intolerance to reduction of dobutamine dose by both 
clinical and hemodynamic criteria. Mean cardiac out- 
put, cardiac index and stroke volume significantly (p 
<0.05) decreased and systemic vascular resistance 
significantly (p <0.05) increased with reduction of 
dobutamine dose (Figures 1 and 2). Pulmonary capil- 
lary wedge pressure showed a trend (p = 0.09) to in- 
crease during dobutamine withdrawal (Figure 2). Ac- 


withdrawal + 
hydralazine 


FIGURE 1. Mean and standard deviation 
of cardiac output (A), cardiac index (B) 


rate (dobutamine withdrawal), and at the 
time of successful withdrawal of dobuta- 
mine facilitated by administration of hy- 
dralazine (withdrawal + hydralazine) in 5 
patients with congestive heart failure. A 


rate. However, with hydralazine adminis- 
tration, there is no difference in hemody- 
namic parameters after discontinuation of 
and during dobutamine infusion. 


hydralazine 


withdrawal + 


hydralazine 
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cordingly, dobutamine dose was adjusted to maintain 
systemic blood pressure and alleviate symptoms as 
previously noted. The mean dobutamine dose to 
achieve this goal was 10.6 + 3.6 ug/kg/min and was 
the infusion rate at the time of initial hydralazine 
dosing. 

After stable symptoms and hemodynamics were 
reestablished with dobutamine, reduction of the infu- 
sion rate of dobutamine in conjunction with the ad- 
ministration of hydralazine was begun according to 
the above mentioned protocol. In all subjects, discon- 
tinuation of dobutamine was accomplished with hy- 
dralazine doses ranging from 25 to 150 mg every 4 
hours (mean dose 105 + 51). In contrast to the above- 
mentioned findings, withdrawal of dobutamine during 
administration of hydralazine did not result in signifi- 
cant changes in any of the hemodynamic parameters 
(Figures 1 and 2). Mean cardiac output measured 
immediately before hydralazine administration and 
reduction of dobutamine infusion rate was 3.3 + 0.6 
liters/min; with administration of hydralazine alone it 
was 3.3 + 0.5 liters/min (Figure 1). 

The results of this investigation indicate that precise 
matching of the stable hemodynamic status achieved 
with intravenous dobutamine was possible with the titra- 
tion of hydralazine dose to specific hemodynamic end 
points. Hydralazine possesses a number of properties 
that would appear to make it uniquely suited as an agent 
that would facilitate withdrawal of dobutamine. In addi- 
tion to its direct arterial dilating effects, hydralazine pos- 
sesses mild positive inotropic effects that may be demon- 
strated in both isolated muscle strips and in patients with 


FIGURE 2. Mean and standard deviation 
of (A) systemic vascular resistance (svr) 


svt--dynes-sec/cm 5 


drawal), and at the time of hydralazine 
administration and successful discontinua- 
tion of dobutamine infusion (withdrawal + 
hydralazine) in 5 patients with congestive 
heart failure. A significant increase in sys- 
temic vascular resistance is noted during 
unsuccessful withdrawal of dobutamine, 
and a trend toward a significant increase 
in pulmonary capillary wedge pressure is 
seen. With hydralazine administration, 
there is no significant difference between 
values measured during and at the time of 
discontinuation of dobutamine infusion. 
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ventricular failure.” !! Therefore, hydralazine may par- 
tially replace the positive inotropic stimulation provided 
by dobutamine and thus facilitate dobutamine with- 
drawal. The direct arterial dilating property of hydrala- 
zine would further contribute to its capacity to replace 
therapy with dobutamine. Evidence suggests that the 
dobutamine-mediated dilation of both large and small 
arteries is, in addition to positive inotropic effects, an 
important factor governing the beneficial influence of 
dobutamine on overall circulatory performance.!? As a 
potent arterial vasodilator, hydralazine may successfully 
replace the significant afterload-reducing capacity of do- 
butamine. Other available vasodilating agents such as 
those concomitantly administered to this patient group 
do not possess this combination of properties and would 
thus appear less likely to substitute successfully for posi- 
tive inotropic therapy with dobutamine. Indeed, in con- 
trast to hydralazine, certain vasodilating agents, such as 
the calcium channel antagonists, exert negative rather 
than positive inotropic influence and would not appear 
suitable in replacing positive inotropic therapy. 

In this severely compromised group of patients with 
congestive heart failure, the capacity to withdraw intra- 
venous inotropic support with vasodilator therapy does 
not assure long-term hemodynamic stability and the 
mortality of this class of patients remains high. However, 
independence from intravenous therapy does allow dis- 
charge from the intensive care setting and potentially 
from the hospital, thus improving the quality of life to 
some degree. Although the patient number examined in 
this report is relatively small, it represents a consecutive 
sampling of a select group with hemodynamically unsta- 
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ble congest-ve heart failure. The results indicate that 
titration of hydralazine dose guided by specific clinical 
and hemodynamic end points permits the withdrawal of 
intravenous inotropic support in severely compromised 
patients who have become dependent on therapy with 
dobutamine 
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Assessment of the Mitral Valve Splitability Score by Transthoracic 
and Transesophageal Echocardiography 


Thomas H. Marwick, MD, Julius Torelli, MD, Timothy Obarski, DO, Paul N. Casale, MD, 


and William J. Stewart, MD 


he mitral valve “splitability” score has been de- 

vised as a composite index of valve mobility, 

thickening, calcium deposits and subvalvular dis- 
ease.' The score is useful for selecting patients for mitral 
balloon valvuloplasty, and correlates with the immediate 
and long-term response to this procedure.” These pa- 
tients are often studied using transesophageal echocardi- 
ography (TEE) to further evaluate the severity of mitral 
regurgitatior and the presence of left atrial thrombi.4 
The purpose of this study was to compare the results of 
the “splitabi ity score” for transthoracic echocardiogra- 
phy (TTE) and TEE. 

Over a 2-year period, 45 patients (40 women, mean 
age 48 + 13 years) undergoing mitral balloon valvu- 
loplasty were studied by TTE and uniplane TEE. All 
had at least moderately severe mitral stenosis (mean 
mitral valve area 1.1 + 0.2 cm?), and none had >2+ 
(moderate) mitral regurgitation. 

The mitral valve area was calculated using the 
pressure half-time method, and conventional 2-di- 
mensional views for TTE and TEE (including trans- 
gastric short-axis and transesophageal 4-chamber 
views) were obtained. Recording was made on'-inch 
VHS video tape, and results were interpreted later by 
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2 independent observers in a random sequence. The 
mitral splitability score was thus calculated separate- 
ly for TTE and TEE in each patient, without knowl- 
edge of the results of the other technique. In situations 
of discrepancy, the score was determined by consen- 
SUS. 

The total TTE score was 7.2 + 1.8, significantly 
higher (Figure 1) than that assessed in the same group 
using TEE (5.9 + 1.8, p = 0.002). Equal scores were 
present in 9 patients, and 2 had TEE scores greater 
than TTE. The remaining 34 patients had TEE scores 
less than TTE; the difference was 1 point in 21 pa- 
tients, 2 points in 7 patients, and >3 points in 6 pa- 
tients. 
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FIGURE 1. Total mitral valve score in 45 patients by transtho- 

racic and transesophageal . The score is sig- 


echocardiography 
nificantly by transthoracic echocardiography (7.2 + 
1.8 vs 5.9 + 1.8, p = 0.002). 
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Similar component scores were obtained by TEE 
and TTE for valve mobility (1.7 + 0.8 vs 1.8 + 0.8, 
p = not significant), and valve thickness (1.8 + 0.7 vs 
2.0 + 0.6, p = not significant). However, valvular cal- 
cification was scored lower using TEE (1.3 + 0.7 vs 
1.6 + 0.8, p = 0.03). Similarly, subvalvular disease 
(Figure 2) was scored lower by TEE (1.2 + 0.5 vs 1.8 
+ 0.8, p <0.0001). 

In selected patients, mitral balloon has proved an 
effective alternative to mitral valve surgery. Whereas 
clinical (age, presence of atrial fibrillation) and procedur- 
al (balloon dilating area) variables influence the immedi- 
ate results of the technique, the morphologic characteris- 
tics of the valve are probably the most important aspect 
of the selection process.* These characteristics have been 
combined into a mitral valve splitability score! based on 
the 4 cardinal pathologic features of rheumatic mitral 
stenosis. 

Although TEE is beneficial in evaluating patients 
with mitral stenosis,* this study indicates that the total 
mitral splitability score assessed at this procedure is not 
analogous to that assessed by TTE. The source of dis- 
crepancy relates to the subvalvular and calcification 
component scores, with no significant difference being 
present in the mobility and thickness scores. 

The lower scores for subvalvular disease by TEE 
probably reflect a relative underestimation of this prob- 
lem compared with TTE because of shielding of the 
subvalvular structures by the thickened and echo-dense 
mitral valve leaflets. This difference may be inherent in 
the “shielded” position of the transducer on the atrial side 
of the mitral valve during esophageal imaging. This 
shielding may be circumvented by transgastric imaging 
in the longitudinal plane, using a biplane probe, but this 
was not used in this study. The second major source of 
discrepancy was related to lower estimation of the extent 
of subvalvular calcification by TEE. Superimposition of 
echo density from the mitral anulus in the parasternal 
views, and suboptimal spatial resolution in the far field of 
the apical transthoracic views, may lead to an overesti- 





FIGURE 2. Difference in evaluation of subvalvular disease by 
transthoracic (left) and transesophageal (right) echocardiog- 
raphy. Subvalvular thickening extends into the lower third of 
the chordae on the transthoracic echocardiogram, but is shad- 
owed by the mitral valve leaflets on the transesophageal echo- 
cardiogram. LA = left atrium; LV = left ventricle. 


mation of the extent of calcification by TTE. In support 
of this, our recent preliminary findings have suggested 
that the calcification score by TEE is a more powerful 
predictor of postvalvuloplasty mitral regurgitation than 
that by TTE.° 

The mitral splitability score, devised for use with 
TTE, does not yield comparable findings when applied to 
TEE, particularly with reference to subvalvular disease. 
Despite the benefits of TEE to the exclusion of left atrial 
thrombi and grading the severity of mitral regurgitation, 
this study indicates that TTE and TEE have different 
roles in the evaluation of patients with mitral stenosis 
before mitral balloon valvuloplasty. 
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Clinical and Anatomic Observations in Patients Having Mitral Valve 
Replacement for Pure Mitral Regurgitation and Simultaneous 


Tricuspid Valve Replacement 
Wiliam C. Roberts, MD, and Erik A. Eways, BS 


mong patients with chronic mitral valve dys- 
function severe enough to warrant mitral valve 


replacement, associated tricuspid valve dysfunc- 
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tion is relatively common. Most patients having tricuspid 
valve replacement have simultaneous mitral valve re- 
placement because of mitral stenosis (with or without 
associated mitral regurgitation). Among patients having 
simultaneous mitral and tricuspid valve replacement, rel- 
atively few have pure mitral regurgitation. This report 
describes certain clinical and morphologic findings in 17 
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TABLE I Clinical, Anatomic, and Hemodynamic Observations in 17 Patients with Mitral and Tricuspid Valve Replacement for Pure 
Mitral and Tricuspid Valve Regurgitation 
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Case Number VR &Sex Valve Disease i Mare ey RS Be ae fos Cee (s/d) (s/d) (s/d) VR — Death Follow-Up 





















1 $78-38 41F MVP 11 — 14 32 — — 94/50 94/15 145/20 150/80 60 days 
2 $75-5150 52M MVP (RCT) 5 — — 24 — 38 56/30 56/16 86/19 95/60 — 10 years 
3 $79-37 65F MVP 14 — 16 25 — 30 60/35 60/14 142/12 160/100 95mos — 
4 S75-5056 66M MVP 8 — — 17 — 22 28/10 28/8 100/9 105/65 2 mos — 
5 S78-207 73M MVP 14 — 18 35 — 65 50/27 50/10 120/13 120/79 2 mos — 
6 S83-125 27F IE, healed (RCT) 16 21 20 30 30 50 75/40 75/20 110/22 110/80 68mos — 
FA S75-5171 46F IE, healed (RCT) 11 — — 22 — 26 100/40 100/12 120/14 138/80 — 10 years 
8 S79-128 63F IE, healed 9 — 10 26 — 28 48/25 48/8 100/16 105/70 — 60 days 
9 $83-145 60F ASD with MVP 16 — — 20 — 24 36/22 36/14 168/29 168/75 1 day — 
10 S77-149 64F ASD with MVP 13 18 17 18 26 22 70/26 70/22 150/28 180/100 1mo — 
11 $81-185 50M HC with MVP 24 — 30 45 — — = 85/36 85/22 110/24 110/65 34mos — 
12 S83-152 68M HC with MVP 20 22 22 35 25 55 85/37 85/18 110/26 125/70 2 days — 
t3 $81-8 70M HC (IE > RCT) 14 — 24 38 — 55 85/35 85/12 120/14 120/60 28 days — 
14 $82-153 32M HS 21 25 24 33 36 56 55/33 55/25 95/38 100/75 36mos — 
15 S80-190 36M HS 15 20 18 30 30 34 60/30 60/16 85/32 95/64 — 7 years 
16 S78-142 45F Rheumatic 19 — 22 26 — 36 50/30 50/6 125/14 125/70 — 10 years 
17 $79-40 59M Calcified PM* 18 — 22 30 — 55 85/30 85/18 160/22 170/90 — 60 days 
Mean 54 15 21 20 30 29 40 66/32 66/14 121/21 128/75 

























*Mitral leaflets ard chordae tendineae were normal. Coronary arteries were an 


systemic artery; s/d= peak systole/end-diastole; v = v wave; VR = valve replacement. 


patients having mitral replacement for severe, chronic, 
pure mitral regurgitation, and simultaneous tricuspid 
valve replacement for severe tricuspid valve dysfunction. 

A total of 113 patients >20 years of age underwent 
simultaneous replacement of dysfunctioning native 
tricuspid ana mitral valves at the Surgery Branch of 
the National Heart, Lung, and Blood Institute be- 
tween September 1963 and December 1989. Of the 
113 patients, the mitral valve was stenotic before valve 
replacement in 96 (85%) and purely regurgitant in 17 
(15%). This report focuses exclusively on the latter 17 
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iographically normal. 
a = a wave; ASD = atrial septal defect; HC = hypertrophic cardiomyopathy; Hg = hypereosinophilic syndrome; IE = infective endocarditis; LA = left atrium; LV = left ventricle; m = 
mean; MVP = mitral valve prolapse; PA = pulmonary artery; PAW = pulmonary artery wedge; PM = papillary muscle; RCT = ruptured chordae tendineae; RV = right ventricle; SA = 












patients. Certain pertinent clinical and morphologic 
findings in them are listed in Table I and illustrated in 
Figures 1 to 5. Methods of diagnosis of both mitral 
and tricuspid regurgitation in the patients have been 
described elsewhere.!* The 17 patients (8 (47%) wom- 
en and 9 (53%) men, aged 27 to 73 years [mean 54]) 
underwent double valve replacement from 1975 to 
1983. None of the 17 patients had clinical evidence of 
aortic valve dysfunction. Sixteen patients (94%) had 
pulmonary hypertension, including 8 (47%) with peak 
pulmonary arterial systolic pressure =70 mm Hg. All 


FIGURE 1. Case 4 (Table I). 
Opened mitral valve (upper) and tri- 
cuspid valve (lower). A portion of 
posterior mitral leaflet (arrow) is 
prolapsed. Tricuspid leaflets also 
show mild hooding. 
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had clinical evidence of severe tricuspid valve regurgi- 
tation and none had a pressure gradient between right 
atrium and right ventricle during ventricular diastole. 
Likewise, none had a pressure gradient between pul- 
monary arterial wedge position or left atrium and left 
ventricle during ventricular diastole. 


FIGURE 2. Case 9 (Table I). Opened mi- 
tral valve (upper) and tricuspid valve (low- 
er) associated with atrial septal defect. 
Clinically, a portion of posterior mitral 
leaflet had prolapsed by left ventricular 
angiogram. 


FIGURE 3. Case 12 (Table I). Opened mi- 
tral valve (upper) and tricuspid valve (low- 
er). Mitral leaflets are thickened in a fash- EE 
ion typical of hypertrophic cardiomyopa- ere 
thy. Tricuspid valve leaflets are normal. 


The various etiologies of the mitral regurgitation 
are listed in Table I. Five patients had isolated mitral 
valve prolapse,** 2 had mitral valve prolapse associ- 
ated with hypertrophic cardiomyopathy? and 2 had 
mitral valve prolapse associated with secundum type 
atrial septal defect. Infective endocarditis that 














FIGURE 4. Case 13 (Table I). Intact mitral valve (Jeff) showing a dilated anulus, opened mitral valve (upper righf) showing an in- 
dentation (arrow) with loss of chordae tendineae in anterolateral half of anterior mitral leaflet, and opened normal tricuspid 
valve (lower right) in patient with hypertrophic cardiomyopathy associated with severe mitral and tricuspid valve regurgitation. 
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TABLE II Fenctional and Anatomic Status of the Tricuspid 
Valve in Patients Having Simultaneous Replacement of Both 
Mitral and Taicuspid Valves with Pure Mitral Regurgitation 


Anatomic Status of 
No. of No. of No.of Tricuspid Valve 
Pts. with Pts. with Pts. 


Pure MR PureTR with TS Normal Abnormal 


Hauck et al 28 
(1988) 
Roberts & Eways 17 
(1991) 
*All 12 patients had “post-inflammatory” (rheumatic) heart disease of both the 
mitral and tricuspec valve leaflets. 
tBoth patients had hypereosinophilic syndrome with thrombi involving both mitral 


and tricuspid valve cusps. 
MR = mitral regurgitation; TR = tricuspid regurgitation; TS = tricuspid stenosis. 


16(57%) 12* (43%) 


15 (88%) 2t (12%) 


healed® was the cause of mitral regurgitation in 4 
patients, | cj whom also had hypertrophic cardiomy- 
opathy. Two patients had involvement of both the 
tricuspid ard mitral valves by the hypereosinophilic 
syndrome.’ Tn 1 patient, the cause of mitral regurgita- 
tion was rheumatic heart disease. The etiology of the 
mitral regurgitation was unclear in 1 patient who had 
a heavily catcified papillary muscle but angiographi- 
cally normal coronary arteries. 

Except for the 2 patients with hypereosinophilic 
syndrome, “fhe operatively excised tricuspid valve 
leaflets anc chordae tendineae were anatomically 
normal. The tricuspid valve anuli were described as 
being dilated at operation in all 17 patients. Of the 17 
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patients, 5 died within 2 months of the double valve 
replacement and 4 others died from 34 to 95 months 
afterwards, 1 was known to be alive 7 years and 3 were 
known to be alive 10 years after valve replacement, 
and 3 were lost to follow-up within 2 months of the 
valve replacement operation. 

Pure tricuspid valve regurgitation associated with 
pure mitral regurgitation in the absence of hypereosino- 
philic syndrome is usually associated with an anatomical- 
ly normal tricuspid valve. Therefore, the tricuspid regur- 
gitation in this setting appears to result from tricuspid 
anular dilation, which appears to be a consequence of 
right ventricular dilatation. The peak right ventricular 
systolic pressure averaged 66 mm Hg in the 17 patients 
and was <30 mm Hg in only 1 patient. The type of 
tricuspid valve dysfunction found in patients with pure 
mitral regurgitation is nearly always pure tricuspid re- 
gurgitation. Except in the patient with the carcinoid syn- 
drome? or congenital cardiac anomalies, we have never 
encountered a patient with tricuspid valve stenosis in the 
absence of mitral valve stenosis. 

It is difficult to compare the findings from this study 
with those reported previously. Hauck et al!° examined 
operatively excised tricuspid valves in 28 patients who 
had pure mitral regurgitation with simultaneous mitral 
repair or replacement (Table II). From study of their 
article it is probable that all 28 of their patients had pure 
tricuspid valve regurgitation and that none of them had 


FIGURE 5. Case 16 (see Table I). Intact 
purely incompetent mitral valve (upper) 
and opened mitral valve (ower). Leaflets 
are diffusely fibrotic consistent with a 
rheumatic etiology. Tricuspid valve was 
anatomically normal. 
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stenotic tricuspid valves. Of their 28 patients, 16 (57%) 
had normal and 12 (43%) had diffusely fibrotic tricuspid 
valves. All of the latter 12 patients had postinflam- 
matory (rheumatic) mitral and tricuspid valve disease. It 
is unclear whether some of the 28 patients reported by 
Hauck et al had associated aortic valve disease. The 
latter patients were excluded from our study. None of the 
45 necropsy patients with pure tricuspid regurgitation 
reported by Waller et al'! had pure mitral regurgi- 
tation. 

Because in recent years there has been a tendency to 
perform anuloplasty for tricuspid regurgitation associ- 
ated with left-sided valvular heart disease rather than 
tricuspid valve replacement, it is likely that right-sided 
valve replacement would not have been performed in 
most of the patients described herein were the operation 
performed today. Thus, the opportunity to examine the 
tricuspid valve in similar fashion in patients with pure, 
chronic mitral regurgitation will be less likely in the 
future. 

In summary, the type of tricuspid valve dysfunction 
occurring in association with pure chronic mitral regurgi- 
tation is virtually always pure regurgitation, and the 
cause of the tricuspid valve regurgitation is usually dila- 
tation of the tricuspid valve anulus. 
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Effectiveness of Percutaneous Balloon Valvuloplasty in Adults with 


Pulmonic Valve Stenosis 


Howard C. Herrmann, MD, James A. Hill, MD, Jane Krol, RN, J. Patrick Kleaveland, MD, 


and Carl J. Pepine, MD, for the M-Heart Registry 


n children with congenital pulmonic stenosis (PS), 

percutaneous balloon valvuloplasty has developed as 

an excellent treatment modality that can decrease 
transvalvular gradient and right ventricular pressure with 
few complications both immediately and during follow- 
up.!:2 Less is known about the immediate results and 
long-term follow-up of this procedure in adults with PS. 
We evaluated the immediate outcome, complications 
and course of valvuloplasty in adult patients with PS 
recorded in a multicenter (M-Heart) balloon valvulo- 
plasty registry. 

The study group (Table 1) consisted of adults 
(aged >21 years) with PS undergoing valvuloplasty 
at 7 hospitals? from May 1986 to September 1989. 
Baseline clinical information and hemodynamic re- 
sults were recorded on a standardized form and for- 
warded to a central data analysis center (University of 
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Pennsylvania). Clinical status at follow-up was ob- 
tained by telephone contact with the patient, and peak 
gradient at follow-up was assessed by echocardiogra- 
phy. 

Percutaneous balloon valvuloplasty was per- 
formed by standard techniques using | balloon over a 
guidewire through the femoral vein approach, as first 
described by Kan et al.' Balloon size varied as follows: 
23 (n= 1), 25 (n= 4) (Mansfield Scientific, Boston) 
and 27 mm (n = 2) (Cook, Indianapolis). All patients 
received heparin intravenously during the procedure 
and gave informed consent as required by each cen- 
ter’s institutional review board. Results are expressed 
as mean values + standard error of the mean. Hemo- 
dynamic data were compared before and after valvu- 
loplasty using the paired t test, and p values <0.05 
were considered significant. 

The study group consisted of 7 women and I man 
(mean age 40 + 5 years, range 23 to 66). The etiology 
of PS was congenital in 6 patients and rheumatic in 1, 
and I had carcinoid syndrome. Only the patient with 
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TABLE | Baseline Characteristics 


Age 


(yr) & Sex Etiology 


Congenital 
Congenital 


Congenital 
Congenital 
Congenital 
Congenital 
Rheumatic 
Carcinoid 


COND OBWNDH 


RV 
Systolic 
Pressure 
(mm/Hg) 


Peak 
Gradient 


Mean PA 
Pressure 
(mm/Hg) 


NYHA = New Yors Heart Association; PA = pulmonary artery; RV = right ventricle; SEM = standard error of the mean. 


rheumatic heart disease (no. 7) had valvular calcium 
visible by fluoroscopy. Valvuloplasty was performed 
in 6 patients because of symptoms that included fa- 
tigue, peripheral edema, dyspnea on exertion, and 
chest pain. Two minimally symptomatic patients un- 
derwent valeuloplasty to reduce a large gradient. In- 
fundibular stenosis or hypertrophy was present angio- 
graphically before valvuloplasty in 6 patients. 

Percutareous balloon valvuloplasty was technical- 
ly successfid in all 8 patients. Peak transpulmonic 
valve gradient decreased from 62 + 8 to 22 + 6 mm 
Hg (p <0.0901) and right ventricular systolic pres- 
sure decreased from 84 + 9 to 46 + 7 mm Hg 
(p <0.0001_ immediately after the procedure (Fig- 
ure l). Pulmonary artery pressures (systolic/diastol- 
ic/mean = 23 + 3/11 + 2/15 + 2mm Hg) and cardiac 
output (4.3 £ 0.1 liters/min) were unchanged by val- 
vuloplasty. 

One patient (no. 7) developed gram negative sepsis 
5 days after valvuloplasty, had cardiac arrest and 
died 10 da»s later of further complications. The 
source of sepsis was not identified; the patient had not 
received ant- biotics at the time of the procedure. 





Another patient (no. 5) developed infundibular ob- 
struction with hypotension after valvuloplasty, and 
was treated with intravenous verapamil (10 mg) and 
propranolol (5 mg). Hemodynamic measurements 
demonstrated a reduction in the valvular gradient 
from 101 to 14 mm Hg with the development of a new 
50 mm Hg gradient across the right ventricular out- 
flow tract. Follow-up studies in this patient demon- 
strated a progressive decrease in the infundibular gra- 
dient to 33 mm Hg 48 hours after the procedure and 
to 15 mm Hg 4 months later. The total right ventric- 
ular-pulmonary artery peak gradient assessed by 
echocardiography 14 months after valvuloplasty was 
20 mm Hg. 

The patient with carcinoid syndrome died of meta- 
static disease 7 months after valvuloplasty. The 6 
remaining patients were evaluated clinically and 
echocardiographically at a mean follow-up of 24 + 5 
months. All 6 patients reported a marked improve- 
ment in symptoms; only I experienced fatigue (no. 6), 
and none had chest pain or peripheral edema. Mean 
New York Heart Association functional class im- 
proved from 2.1 + 0.4 to 1.2 0.2, but this difference 


*p<0.001 
vs pre 


PEAK 
GRADIENT 


(mm Hg) 


POST 
(22 + 6)* 


PRE 
(62 + 8) 





FIGURE 1. Peak transpulmonic valve gra- 
dient assessed by Doppler echocardiogra- 
phy. F/U = follow-up; POST = after valvu- 
loplasty; PRE (or pre) = before vaivulo- 
plasty. *p <0.001 versus before 
valvulolasty. 


F/U 
(20 + 3)* 
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was not statistically significant. Peak transpulmonic 
valve gradient assessed by Doppler echocardiography 
(20 + 3 mmHg) remained improved at follow-up (p 

<0.001 vs before valvuloplasty; this value was not 
significantly different from that obtained immediate- 
ly after valvuloplasty) (Figure | ). 

In 1982, Kan et al! performed a percutaneous balloon 
valvuloplasty in an 8-year-old child, and this has subse- 
quently become the procedure of choice in infants and 
children.‘ In the large multicenter valvuloplasty and an- 
gioplasty of congenital anomalies registry of almost 800 
children, mean gradient decreased from 71 to 28 mm 
Hg after valvuloplasty. Other studies have provided simi- 
lar hemodynamic results and also demonstrated that the 
improvement is sustained. 

In comparison, much less data are available on the 
results of valvuloplasty in adults. In 1982, Pepine et alé 
described the successful reduction in valvular gradient in 
a 59-year-old woman. Recently, Fawzy et al’ described a 
series of 22 adults in Saudi Arabia with severe congenital 
PS. In that study, peak transvalvular gradient decreased 
from 111 to 38 mm Hg immediately after valvuloplasty 
and decreased further to 18 mm Hg in a subgroup under- 
going repeat catheterization | year later. Our patients 
were older than those in the series of Fawzy (mean age 
40 vs 25 years) and had less severe PS (right ventricular 
systolic pressure 84 vs 129 mm Hg). Final right ventricu- 
lar systolic pressure and peak gradient after valvuloplasty 
were both lower in our series. However, there was a large 
incidence of infundibular stenosis in the series of Fawzy 
with subsequent regression of the outflow tract gradient 
that may have accounted for part of this difference.’ 

Major complications of balloon valvuloplasty for PS 
were reported from the valvuloplasty and angioplasty of 
congenital anomalies registry, including death (0.2%), 
cardiac perforation (0.1) and tricuspid insufficiency 
(0.2), as well as minor complications and incidents (1 to 
3).5 One death occurred in our series (an elderly woman 
who developed sepsis after the procedure). Because a 
small incidence of infection has been reported in other 
studies of balloon valvuloplasty in adult patients* we 
recommend periprocedural antibiotic prophylaxis during 
all valvuloplasty procedures. The occurrence and regres- 
sion of an infundibular gradient due to hypertrophy and 
spasm have been previously described; the administration 
of calcium antagonists and 6-blocking agents, acutely 
and until regression is documented, has been advo- 
cated.7,7,!0 


Follow-up of pediatric patients has demonstrated sus- 
tained improvement after successful balloon dilation. 
McCrindle and Kan? demonstrated by Doppler echocar- 
diography no change in gradient 4 years after valvulo- 
plasty,? and Thapar and Rao!! demonstrated a further 
reduction or disappearance of an infundibular gradient in 
13 children 10 months after dilation. In Fawzy et al’s’ 
series of adults, peak transvalvular gradient decreased 
during 12.6 month follow-up from 38 to 18 mm Hg, and 
peak right ventricular systolic pressure decreased from 
59 to 43 mm Hg. Echocardiographic follow-up was ob- 
tained in 6 of our patients at a mean of 2 years after 
dilation and demonstrated sustained decreases in peak 
pulmonic valve gradient. All of these patients also had 
marked improvement in symptoms of fatigue and chest 
discomfort. 

Percutaneous balloon valvuloplasty is a promising 
technique for the treatment of adult patients with either 
acquired or congenital PS. The immediate hemodynamic 
results appear similar to previous reports in infants and 
children, with a reduction in peak gradient to approxi- 
mately 20 mm Hg and sustained improvement during 2 
year follow-up. Major complications are rare. Percutane- 
ous balloon dilation appears warranted as the primary 
treatment of adult patients with severe PS. 
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Plasma Endothelin-1 Levels in Idiopathic Dilated Cardiomyopathy 


Michiaki Hiroe, MD, Yukio Hirata, MD, Naoya Fujita, MD, Shigeo Umezawa, MD, Hiroshi Ito, MD, 
Motoyoshi Tsujino, MD, Akira Koike, MD, Akihiko Nogami, MD, Toshihiko Takamoto, MD, 


and Fumiaki Marumo, MD 


constrictive peptide. !? Circulating immunoreac- 

tive endothelin-1 levels have been shown to in- 

crease in patients with acute myocardial infarction,’ 
hypertension* and cardiogenic shock,5 suggesting its par- 
acrine or autocrine role in certain cardiovascular dis- 
eases. In congestive heart failure, a number of neurohor- 
monal factors including sympathetic nervous activity and 
renin-angiotensin-aldosterone system® are known to be 
activated for compensatory mechanisms against the fail- 
ing heart. To elucidate whether endogenous endothelin-| 
is involved in heart failure, this study was designed to 
measure circulating endothelin-1 levels in patients with 
idiopathic dilated cardiomyopathy of various severities. 
Sixteen patients with dilated cardiomyopathy (11 
men and 5 women, age range 36 to 60 years [mean 49}) 
and 16 sex- and age-matched normal subjects were 
enrolled in this study. They underwent cardiac cather- 
ization, coronary angiography and endomyocardial 
biopsy; neither coronary artery disease, valvular heart 
disease, nor specific heart muscle disease were pres- 
ent. Thirteen patients were symptomatic and taking 
medications such as digitalis, diuretics, or vasodilat- 
ing agents, or a combination. Six patients were in New 
York Heart Association functional class III, 7 in class 
I and 3 in class I. Their mean left ventricular ejection 
fraction was 32 + 7%. Blood samples were obtained 
from the antecubital veins into ice-chilled tubes con- 
taining ethylenediaminetetraacetic acid, then centri- 
fuged at 4°C for 30 minutes. Plasma was frozen at 
—80°C until assayed. Plasma immunoreactive en- 
dothelin-1 was determined by highly sensitive and 
specific radioimmunoassay as recent! y described.’ 
Echocardiographic recordings were obtained by a 
hand-held 3.75 MHz transducer at a paper speed of 
50 mm/s; left ventricular end-diastolic and end-sys- 
tolic dimensions were measured and percent fraction- 
al shortening was calculated. All values are expressed 
as mean + standard deviation. One-way analysis of 
variance and Sheffe’s method were used for statistical 


E ndothelin is a novel endothelium-derived vaso- 
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difference between multigroups. Regression analysis 
was performed by the least-squares method. A p value 
<0.05 was considered significant. 

The mean plasma immunoreactive endothelin-] 
levels in patients with dilated cardiomyopathy (7.1 + 
3.5 pg/ml) was significantly (p <0.001) higher than 
those in control subjects (1.6 + 0.8 pg/ml). Plasma 
immunoreactive endothlin-1 levels increased in rela- 
tion to the severity of heart failure (Figure 1); plasma 
endothelin-1 levels in functional class I, II and III 
were 2.6 + 0.7 pg/ml (n = 3), 6.0 + 0.9 pg/ml (n = 7) 
and 10.7 + 3.9 pg/ml (n = 6), respectivel y. There was 
a negative correlation between plasma endothelin-| 
levels and percent fractional shortening (r = —0.751, 
p <0.01) (Figure 2). 

This study clearly demonstrates that plasma endothe- 
lin-1 levels are significantly elevated in patients with 
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FIGURE 1. Plasma immunoreactive endothelin-1 (ET-1) levels 
versus New York Heart Association (NYHA) functional class in 
16 patients with dilated cardiomyopathy and in 16 control 
subjects (C). Open column with solid bar indicates mean + 
standard deviation. LI = like-immunoreactivity; NS = not sig- 
nificant; *p <0.01; **p <0.001. 
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idiopathic dilated cardiomypathy; these levels correlate 
with the clinical class of heart failure as well as cardiac 
- function on echocardiography. Our data are consistent 
with a recent report® showing that circulating endothelin 
levels are increased in dogs with congestive heart failure 
induced by rapid ventricular pacing, although they corre- 
late with right atrial and pulmonary capillary wedge 
pressures. The source of increased circulating endothelin- 
| in congestive heart failure remains unknown. Our data 
may reflect augmented synthesis or release from several 
tissues other than vascular endothelium in the clinical 
setting of heart failure. In fact, Nunez et al? showed 
widespread localization of messenger ribonucleic acid for 
endothelin-1 precursor in human tissues, including heart 
and lung. Therefore, it is possible to speculate that the 
pressure and volume overloading of the heart may be 
responsible for augumented production and secretion of 
endothelin-1 by cardiovascular tissues. In addition, in- 
creased activity of circulating angiotensin IT and arginine 
vasopressin in congestive heart failure may stimulate the 
release of endothelin-! from endothelial cells, because 
both agonists have been shown to be potent secreta- 
gogues for endothelin-1 in vitro.!° Alternatively, reduced 
metabolic clearance of circulating endothelin-1 may play 
a contributory role in heart failure. 

The pathophysiologic significance of increased plas- 
ma endothelin-1 in chronic heart failure also remains 
unclear. It may possibly function as one of the compensa- 
tory mechanisms for the failing heart in a similar manner 
as the renin-angiotensin-aldosterone system and the sym- 
pathetic nervous system. Because endothelin-1 induces 
the most potent vasoconstrictive effect,' positive inotropic 
action on myocardium!! and myocardial hypertrophy 
with increases in the transcription of cardiac muscle- 
specific genes in vitro,!? the increased circulating endoth- 
elin-1 in patients with idiopathic dilated cardiomyopathy 
and chronic heart failure most likely reflects the severity 
of heart failure and cardiac dysfunction. However, the 
functional role of plasma endothelin-1 in congestive heart 
failure needs further investigations. 
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FIGURE 2. Correlation between plasma immunoreactive en- 
dothelin-1 (ET-1) levels and percent fractional shortening in 
16 patients with dilated cardiomyopathy. 
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Frequency of Respiratory Compromise After Ketamine Sedation for 
Cardiac Catheterization in Patients <21 Years of Age 


Craig A. Greene, MD, Paul C. Gillette, MD, and Derek A. Fyfe, MD, PhD 


etamine is a phencyclidine derivative which is 
k used for its anesthetic, analgesic and amnestic 
qualities. Ketamine’s reported side effects in- 
clude respiratory depression, which may range from mild 
hypoventila ion to prolonged central apnea; cardiovascu- 
lar changes that include increased systemic and pulmo- 
nary vascuEr resistance; and postanesthetic emergent 
reactions, wnich include numbness, nystagmus, diplopia, 
apathy, vivii dreams and hallucinations.':? This report 
evaluates the frequency of adverse respiratory effects 
after ketamine sedation in children and young adults 
during card_ac catheterization. 

A retrospective evaluation of cardiac catheteriza- 
tion records was performed on 157 consecutive pa- 
tients younzer than age 21 years who underwent a 
cardiac catheterization in which ketamine was used as 
a sedative from January 1989 to July 1989. Patients 
who were receiving supplemental oxygen or mechani- 
cal ventilation on arrival to the catheterization labo- 
ratory were excluded. The age, weight, premedication 
drug and dose, ketamine dose and the intracardiac 
hemodynamic status were reviewed for each patient. 
Each patieri’s record was reviewed in detail for evi- 
dence of respiratory compromise after ketamine ad- 
ministratior. Respiratory compromise was consid- 
ered to have occurred if airway management, supple- 
mental oxygen, bag/mask ventilation or endotracheal 
intubation were required to treat upper airway ob- 
struction, hypoventilation, or apnea, or all three, 
based on decreasing oxygen saturations and clinical 
examinatior. The relation between the time and fre- 
quency of ketamine dosing and the onset of any respi- 
ratory difficulties was evaluated in each patient. Ke- 
tamine was administered as an initial 1 to 2 mg/kg 
intramusculor injection (maximum 50 mg), or a 0.5 
to 1.0 mg/rz intravenous injection over 1 minute 
(maximum 50 mg) in the catheterization laboratory 
under the di-ect supervision of a physician. Addition- 
al intravenous doses of 0.5 to 1.0 mg/kg were adminis- 
tered at various intervals based on the patients’ clini- 
cal level of sedation. Each patient was closely moni- 
tored during catheterization with continuous surface 
electrocardiegram and continuous intraarterial blood 
pressure recerding or frequent intermittent Dynamap 
noninvasive Slood pressure recording. Each patient's 
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respiratory status was monitored with continuous 
pulse oximetry and clinical examination. No patient 
had continuous respiratory rate monitoring since it is 
not a standard practice in our laboratory. Most pa- 
tients had intermittant arterial blood gas measure- 
ments that were not related to ketamine dosing. Pha- 
ryngeal suctioning was avoided if possible. 

The 157 patients were aged 1 to 244 months (medi- 
an 42) and weighed 3 to 69 kg (median 14). Eighty- 
two patients, which included children with structural- 
ly normal hearts and children who both did and did 
not undergo surgery for congenital heart defects, had 
no intracardiac shunting. Seventy-five patients, which 
included children who did and did not undergo sur- 
gery for congenital heart defects, had intracardiac 
shunting. Thirty-six had a net right to left shunt and 
39 had a net left to right shunt. One hundred fifty-two 
of 157 patients (98%) were premedicated with intra- 
muscular meperidine and promethazine, 2 mg/kg 
(maximum 50 mg) and 1 mg/kg (maximum 25 mg), 
respectively. The remaining 5 patients had no pre- 
medication. Ketamine doses ranged from 0.2 to 5.4 
mg/kg/hour (median 1.3). Forty-nine patients (31%) 
received additional sedation with midazolam (n = 
38), diazepam (n = 1), morphine (n = 3), or pento- 
barbital (n = 11), or a combination of these. 

Respiratory compromise occurred in 5 of 157 (3%) 
patients. All cases of respiratory compromise oc- 
curred in patients who did not undergo surgery for 
congenital heart defects in which intracardiac shunt- 
ing was present. These 5 patients differ from the total 
group in weight with a range of 3 to 12 kg (median 6) 
versus 3 to 69 kg (median 14), and in age with a range 
from I to 38 months (median 6) versus 1 to 244 
months (median 42). Four patients had a net right to 
left intracardiac shunt and 1 patient had net left to 
right intracardiac shunt. The total ketamine dose in 
these 5 patients ranged from 0.7 to 2.7 mg/kg/hour 
(median 1.0) compared with the total patient popula- 
tion (range 0.2 to 5.4 mg/kg/hour, median 1.3). All 5 
patients developed central apnea as defined by the 
absence of spontaneous respiratory effort accompa- 
nied by decreasing oxygen saturations. The onset of 
apnea occurred 2, 7, 15, 20 and 40 minutes after an 
intravenous dose of ketamine. The number of keta- 
mine doses before apnea ranged from 1 to 3. The 
patient who developed apnea 40 minutes after a 1 
mg/kg intravenous dose of ketamine had received 
0.1 mg/kg of intravenous morphine 5 minutes before 
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the apneic episode and therefore ketamine was proba- 
bly not the causative agent. This was the only patient 


_ of the 5 who received sedatives other than meperidine 


a / 


and promethazine premedication or ketamine, or a 
combination of these. Four of the 5 patients responded 
to stimulation and supplemental oxygen or bag/mask 
ventilation for a brief period of time. One patient 
developed supraventricular tachycardia at a rate of 
270 beats/min associated with hypotension (blood 
pressure 50/10 mm Hg) and required endotracheal 
intubation with mechanical ventilation for the re- 
mainder of the catheterization. There were no clinical 
sequelae in any of the 5 patients. 

Ketamine’s respiratory depressant activity is contro- 
versial. Some investigators report that it is a respiratory 
depressant, whereas others conclude that a lower dose of 
ketamine does not produce respiratory depression.*~’ In 
our patient group there was a low incidence of clinical 
respiratory compromise, 3%, at intravenous doses <1 
mg/kg administered over | minute. The small number of 
patients with adverse effects did not lend itself to statisti- 
cal analysis but it appears that small, young children with 
intracardiac shunting may be at increased risk for devel- 
oping respiratory compromise after ketamine sedation. 
The use of our dosage regimen provided adequate clinical 
analgesia and sedation, and it may decrease the number 
of respiratory complications based on reports that at 2 
mg/kg there was an increased frequency of respiratory 


side effects.>4 A benzodiazepine derivative was adminis- 
tered to 39 patients as additional sedation because of 
reports that these agents blunt the cardiovascular effects 
of ketamine and decrease the frequency of postanesthetic 
emergent reactions.’ The retrospective nature of this 
report did not allow evaluation of the frequency and 
severity of these other adverse effects. We conclude that 
ketamine is an effective sedative and analgesic medica- 
tion in this patient group and can be used in the pediatric 
catheterization laboratory with infrequent respiratory 
side effects at doses of 1 mg/kg administered intrave- 
nously over | minute. 
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Comparison of Cardiovascular and Renal Toxicity After Cardiac 
Catheterization Using a Nonionic Versus lonic Radiographic 


Contrast Agent 


Michael B. Harding, MD, Charles J. Davidson, MD, Karen S. Pieper, MS, Mark Hlatky, MD, 
Steven J. Schwab, MD, Kenneth G. Morris, MD, James B. Hermiller, MD, 


and Thomas M. Bashore, MD 


oth ionic and nonionic contrast agents used in 

angiography are relatively well tolerated but have 

a number of undesirable effects, particularly on 
the cardiovascular system and the kidney.!-7 Whereas 
low osmolar agents may reduce acute events, contrast 
nephropathy remains a common cause of in-hospital re- 
nal injury, and the potential advantage of one contrast 
agent over another is less well defined.* The best meth- 
od of evaluating the relative toxicity of iopamidol and 
diatrizoate is by a randomized controlled clinical trial. In 
principle, there are 2 major designs for a randomized 
trial: (1) a cohort trial that compares results between 
From Duke University Medical Center, Box 3012, Durham, North 
Carolina 27710. This report was supported in part by a grant from 
Squibb Diagnostics, Princeton, New Jersey; and Research Training 
Grant NRSA 51T32HLO071011-15 from the National Institutes of 


Health, Bethesda, Maryland. Manuscript received April 2, 1991; re- 
vised manuscript received May 31, 1991, and accepted June 3. 


different patients, and (2) a crossover trial that compares 
results within the same patient. The crossover design 
provides the greatest assurance that between-patient dif- 
ferences will not affect the results, and this design is 
generally well suited for investigations of pharmaceuti- 
cals. As part of a randomized trial using a cohort de- 
sign,!2 we prospectively designed a crossover protocol so 
that any patient randomized in the trial would receive the 
alternative contrast agent if a second coronary angio- 
gram proved to be clinically indicated within the study 
period. In all, 67 of the 443 randomized patients had a 
second procedure, 41 of whom received the alternative 
agent. This report summarizes the results of 41 random- 
ized patients in this prospective controlled crossover in- 
vestigation. 

All patients undergoing elective cardiac catheter- 
ization at the Veterans Affairs Medical Center, Dur- 
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TABLE I Incidence of Major and Minor Adverse Reactions 
Definitely or Possibly Attributed to Administration of 
Contrast Mecia 











Diatrizoate lopamidol 






Major 
Prolonged angina 2 
Coronary occlusion 1 

Minor 
Bradycardia 13 

Angina 5 

4 
2 






oo 








Vomiting 
Nephropathy 







> Neno 






Total 27 


ham, North Carolina, were considered eligible for 
study. Mean age of the patients studied was 59 + 7 
years. All but 2 patients were men. A history of hyper- 
tension, diabetes or congestive heart failure was docu- 
mented in 23, 9 and 5 patients, respectively. Intrave- 
nous fluids were given overnight before angiography 
and continued for 4 hours after the procedure. Ven- 
triculography and coronary angiography were per- 
formed using either iopamidol (Isovue 370, Squibb, 
Princeton, NJ) or diatrizoate according to random- 
ization assignment. During catheterization, a techni- 
cian or nurse kept a detailed account of the procedure 
and any adverse events. The study coordinator re- 
viewed hospital records and interviewed each patient 
about potential complications within 24 hours of the 
procedure. 

Major adverse events were predefined as those that 
were life-threatening, required major intervention or 
increased the intensity of care. Minor events were de- 
fined as those neither requiring major treatment nor 
posing a risk to life.’ Data concerning any adverse 
events were reviewed by a panel of =3 cardiologists 
masked to treatment assignments. All adverse events 
were graded as definitely related, possibly related or 
not related to administration of a contrast agent. 

Renal function was quantified by measuring the 
serum creatinine before cardiac catheterization and 


Creatinine for 
Diatrizoate - 
Creatinine for 
lopamidol 


Baseline 
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24 and 48 hours afterwards. Contrast nephrotoxicity 
was defined as an increase in serum creatinine level of 
20.5 mg/dl above the baseline value within 48 hours 
of exposure. The change in serum creatinine with dia- 
trizoate versus iopamidol was calculated for each pa- 
tient. A Wilcoxon signed-rank test was used to test if 
the median of these changes was zero. 

Most patients had preserved renal function at 
baseline with only 4 patients with creatinine >1.2 
mg/dl before both procedures. Baseline serum creati- 
nine measurements ranged from 0.4 to 2.] mg/dl 
(mean of 1.0 + 0.25). Diatrizoate was given as the 
first agent in 23 patients. There was no significant 
difference in the median dose of iopamidol and diatri- 
zoate (170 ml [range 100 to 500] vs 150 ml [range 50 
to 400]). The days between cardiac catheterization 
ranged from 6 to 318 (mean of 143). There was no 
significant difference in left ventricular ejection frac- 
tion and left ventricular end-diastolic pressure or Sys- 
temic blood pressure between the first and second 
catheterization. 

The frequency of major and minor adverse reac- 
tions definitely or possibly attributed to administra- 
tion of contrast within 48 hours of angiography are 
listed in Table I. No major complications occurred 
with iopamidol, whereas 3 occurred with diatrizoate. 
Although a trend existed, the sample size limited our 
power to detect a significant statistical difference 
(chi-square = 3.0, p = 0.08). Minor adverse events 
occurred in 22 of the 41 patients and were less fre- 
quent during the 48 hours of observation after the 
administration of iopamidol than after diatrizoate 
(chi-square = 10.7, p = 0.001). Most of the adverse 
events were insignificant bradycardia (heart rate <60 
beats/min that responded to cough) at the time of 
contrast injection. 

Four different patients (2 from each of the contrast 
groups) had an increase in serum creatinine of 20.5 
mgjdl. For the 2 patients who had nephrotoxicity sec- 
ondary to diatrizoate it was their first procedure, 1 


FIGURE 1. Box and Whiskers plots of the 
difference in serum creatinine when the 

patient received diatrizoate compared with 
iopamidol. Boxes are twenty-fifth, fiftieth, 
and seventy-fifth percentiles. Numbers at 
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patient had congestive failure, and both had normal 
baseline renal function. For the 2 patients who had 
nephrotoxicity secondary to iopamidol it was their 
second procedure, and | patient had diabetes mellitus. 
Again, both had normal baseline renal function. 

The relative nephrotoxicity of each agent was eval- 
uated by analyzing the difference in creatinine for 
each patient at baseline, and at 24 and 48 hours, and 
the difference in maximal change from baseline in the 
serum creatinine for each patient in response to each 
agent (Figure 1). There was no difference in creatinine 
at baseline with either contrast agent or at 24 or 48 
hours after the procedure. The maximal change in 
serum creatinine from baseline over the 48-hour peri- 
od with diatrizoate compared to that with iopamidol 
for each patient was a median difference of zero. Fur- 
thermore, the order in which the contrast agents were 
administered did not affect the frequency of adverse 
events or change in creatinine levels. 

Several studies have investigated the cardiovascular 
and renal toxicity of nonionic and ionic contrast agents at 
the time of cardiac catheterization.!~> This study is 
unique in its crossover design, thereby using each patient 
as his own control to investigate the relative adverse 
events of each agent. A retrospective analysis of 3,313 
patients* and a prospective randomized controlled trial? 
have confirmed a 50 to 70% reduction in acute adverse 
events during cardiac catheterization. 

In a prospective evaluation of 1,144 patients using 
nonionic contrast, an increase in serum creatinine of 
>0.5 mg/dl was observed in 6%.° In a prospective ran- 
domized study of 307 high-risk patients with renal im- 
pairment (baseline serum creatinine > 1.5 mg/dl), iopa- 
midol was found to be statistically less nephrotoxic than 
diatrizoate with a maximal increase in serum creatinine 


>0.5 mg/dl in 8% of the patients who received iopamidol 
versus 19% of the patients who received diatrizoate.° 
However, the difference in nephrotoxicity was small and 
of no major clinical significance. Using only nonionic 
agents in an extremely high risk subset of patients having 
both juvenile onset diabetes and renal insufficiency 
(mean serum creatinine 5.9 mg/dl), Manske et al’ noted 
a 25% increase in serum creatinine at 48 hours in 50%. 
They found that the risk of nephrotoxicity increased 65% 
with each 5 ml of contrast used, and, in fact, of 12 of 59 
receiving >40 ml of contrast (a modest amount), 10 
developed nephrotoxicity and 5 required hemodialysis. 

Despite using each patient as his own control, in this 
prospective, randomized, crossover clinical trial of pa- 
tients with relatively normal renal function, a reduction 
in acute adverse events but no difference in the contrast- 
induced nephropathy between nonionic and ionic con- 
trast agents was demonstrated. 


1. Schwab S, Hlatky M, Pieper K, Davidson C, Morris K, Skelton T, Bashore T. 
Contrast nephrotoxicity: a randomized controlled trial of a nonionic and an ionic 
radiographic contrast agent. N Engl J Med 1989;320:149-153. 

2. Hlatky M, Morris K, Pieper K, Davidson C, Schwab S, Bashore T. Random- 
ized comparison of the cost and effectiveness of iopamidol and diatrizoate as 
contrast agents for cardiac angiography. J Am Coll Cardiol 1990;16:871-877. 
3. Taliercio C, Vlietstra R, Ilstrup D, Burnett J, Menke K, Stensrub S, Holmes D. 
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READERS’ COMMENTS 


Economic Evaluation of 
Cholesterol Lowering 


I read the study “An economic 
evaluation of lovastatin for choles- 
terol lowering and coronary artery 
disease reduction” by Hay et al! in 
the April 15 issue. One comment 
seems warranted. There is much 
data demonstrating that reducing 
high serum cholesterol levels is ben- 
eficial in deereasing the risk of cor- 
onary artery disease and its compli- 
cations. The mortality of coronary 
artery disease decreases as well.?~-4 
However, most importantly, there 
is little evidence of a decrease in 
total mortality attributable to re- 
duced cholesterol,*° which is possi- 
bly due to the compensatory in- 
crease in mortality induced by oth- 
er factors.*-* As the authors state: 
“Better infermation on the out- 
come efficacy of lovastatin and oth- 
er cholesterol reduction interven- 
tions is needed to establish firm 
guidelines fer efficient allocations 
of health care resources in reduc- 
ing coronary artery disease risk.” 
Wouldn’t it also be needed, in an 
otherwise excellent work like this, 
when calculating the cost per life- 


year saved? 
Juhani Partanen, mo 
Helsinki, Finland 
10 June 1991 


1. Hay JH, Wittels EH, Gotto AM Jr. An 
economic evaluation of lovastatin for cho- 
lesterol lowering and coronary artery dis- 
ease reduction. Am J Cardiol 1991:67: 
789-796. 

2. Muldoon MF, Manuck SB, Matthews 
KA. Lowering cholesterol concentrations 
and mortality: a quantitative review of 
primary prevention trials. Br Med J 1990; 
301:309-314. 

3. Rossouw JE, Lewis B, Rifkind BM. 
The value of lowering cholesterol after 





Letters (from the United States) con- 
cerning a particular article in the Journal 
must be received within 2 months of the 
article’s publication, and should be limit- 
ed (with rare exceptions) to 2 double- 
spaced typewritten pages. Two copies 
must be submitted. 


myocardial infarction. N Engl J Med 
1990;323:1112-1119. 

4. Holme I. An analysis of randomized 
trials evaluating the effect of cholesterol 
reduction on total mortality and coronary 
heart disease incidence. Circulation 1990; 
82:1916-1924. 

S. Canner PL, Berge KG, Wenger NK, 
Stamler J, Friedman L, Prineas RJ, 
Friedewald W, and the Coronary Drug 
Project Research Group. Fifteen year 
mortality in coronary drug project pa- 
tients: long-term benefit with niacin. J 
Am Coll Cardiol 1986;8:1245-1255. 


REPLY: Partanen raises valid con- 
siderations regarding the risks and 
benefits of lovastatin therapy and 
other cholesterol interventions. As 
we stated, our economic evaluation 
of lovastatin was performed in the 
context of “. . . what is currently 
known about the clinical, economic 
and safety profiles for lovastatin.””! 
We consider such an evaluation to 
be justified by the fact that lovasta- 
tin and many other cholesterol in- 
terventions are being utilized today 
by millions of people worldwide. 
Rational allocation of increasingly 
strained health care resources im- 
poses ever stricter standards of eco- 
nomic evaluation on all health care 
technologies. As better data be- 
come available, the accuracy of 
clinical and economic health care 
decisions will also be enhanced. 
Although Partanen is correct that 
the effect on all-cause mortality at- 
tributable to cholesterol reduction 
interventions has not been estab- 
lished with precision, there is evi- 
dence of significant reductions in 
total mortality associated with cho- 
lesterol reduction from a variety of 
epidemiologic studies and several 
cholesterol intervention trials with 
longer term followup.2) The Coro- 
nary Drug Project, Oslo Diet and 
Antismoking Trial, and the Stock- 
holm Ischemic Heart Disease 
Study all showed reductions in total 
mortality, but also demonstrated 
the need for observing large num- 
bers of patients for many years be- 
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fore significant differences could be 
observed between patients undergo- 
ing treatment and control subjects.? 
Much of the controversy sur- 
rounding the lack of association be- 
tween cholesterol reduction and to- 
tal mortality results from a mis- 
reading of such shorter term studies 
as the LRC-CPPT and the Helsinki 
Heart Study. Although these stud- 
ies clearly demonstrate the clinical 
benefits of lipid modification, be- 
cause of financial and time con- 
straints they were not designed with 
the requisite statistical power to ad- 
dress the issue of all-cause mortali- 
ty. Some studies have inaccurately 
concluded that a lack of mortality 
reduction benefits from cholesterol | 
intervention studies that were nei- — 
ther designed nor expected to pro- 
duce a test of such outcome differ- 
ences. While coronary artery dis- 
ease remains the leading fatal 
disease in the United States and 
many other industrialized nations, 
we take some consolation from the 
observation that even among those 
at relatively high risk for this dis- 
ease, death is neither common nor 
immediate. 
Joel W. Hay, pno 
Stanford, California 
Ellison H. Wittels, mo 
Antonio M. Gotto, mo, vpnii 
Houston, Texas 
1 July 1991 
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FROM THE EDITOR 


Oft-Repeated Requests to Authors from an Editor 
| of a Cardiology Journal 


uring each of the past 9 years, The American 
D Journal of Cardiology (AJC) has published 

from 650 to 750 articles in its regular issues 
(excludes symposia issues where costs are underwritten 
usually by one or more pharmaceutical companies ). Be- 
fore each article was published the originally submitted 
manuscript had been reviewed by 2 outside consultants 
(including board members) and then by me. After exam- 
ining manuscripts which will eventually be accepted for 
publication I write (by hand) a tentative acceptance let- 
ter to the authors. (The letter is typed in the editorial 
office usually the next day.) This letter lays down the 
conditions which, if carried out, assures acceptance of the 
manuscript. Thus, I write 650 to 750 conditional accep- 
tance letters yearly. Many conditional acceptance letters 
contain oft-repeated requests to authors and 9 of these 
oft-repeated requests are listed in this piece. Manuscript 
alterations which fulfill these requests make manuscripts 
more understandable, more readable, and more scientifi- 
cally sound. 

1. Limit the study to the patients whose heart dis- 
ease was caused by only 1 or 2 conditions and elimi- 
nate the small numbers of patients in whom multiple 
different disease states caused the heart disease. | This 
circumstance is most commonly observed in manuscripts 
on congestive heart failure or arrhythmias. The study 
typically concerns the effects of 1 or more drugs on the 
failure or on the arrhythmia and let’s say 80% of the 
patients have coronary artery disease, 10% have idio- 
pathic dilated cardiomyopathy, 3% have valvular heart 
disease (type undefined), 2% have prosthetic or biopros- 
thetic cardiac valves, and 5% have no structural heart 
disease. It is best in this circumstance to limit the study to 
the patients in whom the failure or arrhythmia was asso- 
ciated with the same underlying condition, namely coro- 
nary artery disease, and to eliminate the other patients. 

2. Eliminate the present tables displaying pooled 
data and in their place provide a single table listing 
the pertinent data in each study patient but no more 
than one line (at most 2 lines) across for any patient. 
Individual patient data are preferable to pooled data for 
studies involving no more than 30 patients. List the pa- 
tients in some logical order, such as by age, etiology of 
disease, etc. The order in which the patients were seen or 
studied is usually a random order on a table, not a logical 
one. The headings at the top of each column should be 
precise phrases which can be answered by a plus, a zero, 
or a hyphen (indicating no information available or not 


applicable), or by a number, or, 
occasionally only, by a short 
phrase such as the etiology of a 
disease. 

3. Decrease the length of the 
manuscript, particularly the ~~ 
discussion and/or introduction g j 
portions. Most manuscripts ac- 
cepted for publication in the AJC 
are shorter than the originally sub- 
mitted manuscripts. Thus, during 
the revision process most originally submitted manu- 
scripts are shortened. Excessively lengthy manuscripts 
are most commonly caused by excessively long discus- 
sions. The length of the discussion is sometimes longer 
than the rest of the manuscript. In general, the discussion 
should be no more than a third of the manuscripts’ text 
pages (those before the references and including the title 
page), and often can be much less. 

Long introductions are rarely necessary. I favor single 
paragraph half-page introductions. Many authors repeat 
in the first paragraph of the discussion what was stated in 
the introduction. This duplication is unnecessary. A sum- 
mary paragraph at the end of the discussion portion of 
the manuscript is usually redundant. 

4. Try not to repeat data in the tables again in the 
text. Data clearly presented in a table need not be repeat- 
ed in the text which is better used for commenting on 
unusual features about the data or for emphasizing par- 
ticular features. 

5. Limit the number of abbreviations to 3, to com- 
monly recognized cardiologic phrases, and preferably 
to those phrases appearing in the manuscripts title? 
If the subject of the manuscript concerns the frequency of 
atrial fibrillation (AF) in mitral stenosis (MS), limit the 
number of abbreviations to 2, namely MS and AF, and 
use them throughout the manuscript (not just in the 
abstract). The largest number of abbreviations I have 
seen in a manuscript submitted to the AJC is 26 but 
many have been in the low 20’s. A manuscript containing 
this number of abbreviations indicates that the authors 
have not read the Instructions to Authors and that they 
are not students of the journal to which they have submit- 
ted the manuscript. More important, such technical in- 
sensitivities suggest that the manuscript’s scientific worth 
is probably not high. I suspect I spend an hour a week 
getting abbreviations out of manuscripts. One journal 
(Journal of the American College of Cardiology) does 
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not permit abbreviations other than the use of “AV” for 
atrioventricular and “ECG” for electrocardiogram. I try 
to avoid the use of abbreviations for single words. Au- 
thors use “ECG” sometimes to indicate “‘electrocardio- 
gram,” and, at other times, “electrocardiographic.” I try 
to avoid its use. Abbreviations must be logical and appro- 
priate. The proper abbreviation of “hypertrophic cardio- 
myopathy” is “HC,” not “HCM.” It is improper to 
abbreviate a syllable in one word and not in another. 
Abbreviations should not be used in titles of articles, in 
subheadings within articles, and in titles of figures and 
tables. Sentences should not begin with abbreviations (or 
with numerals). Only standard cardiologic abbreviations 
should be used. TAM (Tricuspid Annular Motion), ICA 
(enteric coated aspirin) and PPP (platelet poor plasma), 
for example, are not standard cardiologic abbreviations 
and they and similar ones should be avoided. 

6. Limit the number of references to no more than 
30 and eliminate references to abstracts. Scholarship is 
indicated by which references are selected, not by the 
number selected.? I prefer not to reference abstracts be- 
cause too many errors occur in them and because they do 
not receive the type of careful peer review received by 
most manuscripts. The AJC publishes manuscripts fast- 
er than abstracts are published for the annual scientific 
sessions of the American Heart Association and the 
American College of Cardiology.4 The barring of ab- 
stracts as references might in a small way serve to stimu- 
late publication of data presented at meetings. The prod- 
uct that lives and the one that receives official peer review 
is the manuscript for the journal, not the abstract for the 
meeting. 

7. Prepare the references in the style of the AJC. 
The form must conform to that of the Journal. The 
names of all authors are required, not just the first 3. The 
phrase “et al” is not used in any reference list in the AJC. 
No periods are used after the initials of the authors or 
after the abbreviations of the journals. The abbreviations 
of the names of journals are those used in the Index 


Medicus. The name of the journal is in italics. (Underly- 
ing the name is the proper substitute for italics when the 


latter is not available.) The year of publication comes È 


after the name of the journal, not after the volume num- 
ber. Inclusive pages are required. References are typed 
double spaced, not single spaced. 

8. Crop the figures. Eliminating the nonessential 
parts of a photograph will allow larger sized reproduction 
of the important elements and therefore easier viewing. I 
crop figures when authors fail to do so. So take your 
choice—you or me. Few authors, I am afraid, really 
understand what figure-cropping is all about. 

9. Read the Instructions to Authors and study the 


journal for style before resubmitting the manuscript. — 


(This request should be standard before submitting the 
manuscript initially.)? When becoming editor of the 


AJC in June 1982 the first task I performed was picking - 
the editorial board and the second was writing the In- 


structions to Authors, which appears in each issue of the 
AJC. When these Instructions are carried out to the 
letter an author provides a clear sign that he/she is 
sensitive to an editors’ biases and the display of that 
sensitivity is heartwarming, I believe, to any editor. More 
important, manuscripts that are technically correct are 
usually scientifically sound. 


MW fhe. C, Kata 


William Clifford Roberts, MD 
Editor in Chief 


1. Roberts WC. Making clinical studies involving many patients useful to the 
single patient. Am J Cardiol 1990;65:1408. 

2. Roberts WC. Abbreviations in the AJC. Am J Cardiol 1983;51:A9-A10. 
3. Roberts WC. References: a clue to scholarship. Am J Cardiol 1983:51: 
A9-A10. 

4. Roberts WC. Publishing manuscripts faster than abstracts. 4m J Cardiol 
1987;60:1133. . 
5. Roberts WC. Further comments on the “Instructions to Authors.” Am J 
Cardiol 1984;54:470. 
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Cholesterol-Lowering Effects of a 10 mg Daily Dose of 
Lovastatin in Patients with Initial Total Cholesterol Levels 200 
to 240 mg/dl (5.18 to 6.21 mmol/liter) 

Ardon Rubinstein, Yoav Lurie, Itamar Groskop, and Moshe Weintrob 


Subjects who had coronary artery disease or 2 risk factors for developing 
it, and whose cholesterol serum levels were borderline (200 to 240 mg/dl), 
were treated with only 10 mg lovastatin. Reduction to desirable levels was 
achieved after 20 weeks of treatment with less adverse effects and with 
significant financial saving. Manufacturing tablets of 10 mg of lovastatin 
could result in an annual saving of $60,000,000. 
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Long-Term Safety and Efficacy Profile of Simvastatin 

Stephen J. Boccuzzi, Tomas S. Bocanegra, J. Findlay Walker, Deborah 
R. Shapiro, and Maureen E. Keegan 


Simvastatin, a 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibi- 
tor, has been administered to approximately 2,400 hypercholesterolemic 
patients in controlled clinical studies and their open extensions. In addition 
to long-term lipid-lowering efficacy, clinical and laboratory adverse events 
were infrequent in both elderly and nonelderly populations. The most 
frequently reported drug-related clinical and laboratory adverse events 
included gastrointestinal complaints and mild transaminase elevations. 
Rarely did these events require discontinuation of therapy. There was no 
evidence to suggest an effect of simvastatin on the human lens. Long-term 
clinical experience continues to indicate that simvastatin is an efficacious 
and well-tolerated lipid-lowering drug. - 
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Reduced Left Ventricular Cavitary Activity (“Black Hole Sign’’) 
in Thallium-201 SPECT Perfusion Images of Anteroapical 
Transmural Myocardial Infarction 

A. Cahid Civelek, Irfan Shafique, Jeffrey A. Brinker, Krzysztof Durski, 
James L. Weiss, Jonathan M. Links, T.K. Natarajan, Mehmet A. Ozguven, 
and Henry N. Wagner, Jr. 


The etiology of a focal, oval area of reduced thallium activity within the 
left ventricular cavity (“black hole” sign) in thallium-201 single-photon 
emission computed tomography was investigated in 84 patients with ante- 
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rior or anteroapical transmural perfusion defect present on both stress and 
delayed images. This sign was found to be associated with an anteroapical 
aneurysm with 96% accuracy and 94% specificity. The black hole sign, 
which is most likely produced by left ventricular wall motion abnormali- 
ties, is a useful adjunct to cross-sectional echocardiography in the diagno- 
sis of aneurysm. 


1138 
Time Course and Interrelation of Reperfusion-Induced ST 
Changes and Ventricular Arrhythmias in Acute Myocardial 
Infarction 

Manfred Zehender, Stefan Utzolino, Armin Furtwängler, Wolfgang Kasper, 
Thomas Meinertz, and Hanjérg Just 





With the increasing use of thrombolytic therapy in acute myocardial 
infarction, time course and interrelation of ventricular arrhythmias and 
ST-segment changes have become of particular interest. Thirty patients 
with acute myocardial infarction undergoing thrombolytic therapy and 
repeated angiography were evaluated for both parameters by 24 hour 
Holter monitoring. Coronary reperfusion was successful in 22 of 30 pa- 
tients (73%, group A). Sudden ST-segment changes evidenced reperfu- 
sion in 7 patients (32%), but did not occur in any nonreperfused patient 
(group B). Accelerated, idioventricular rhythm was an unspecific finding 
for reperfusion unless frequent and longer lasting episodes were consid- 
ered. Overall, idioventricular rhythms, ventricular premature beats and 
couplets were most frequent in reperfused patients, peaking 3 to 5 hours 
after thrombolysis. Ventricular tachycardias, also more frequent in reper- 
fused patients, showed their peak frequency 7 to 9 hours after thromboly- 
sis and were often preceded by frequent singular premature beats. In 
summary, (1) sudden ST changes are rare, but well predictive for the time 
of reperfusion; (2) the late onset of ventricular tachycardia makes corre- 
sponding supervision beyond the acute infarction phase advisable; and (3) 
the prevalence of certain types of arrhythmias, not the type of arrhyth- 
mias, per se, provides evidence of coronary reperfusion. 


A Rapa So We Pee eg ca SAI | URS etn Wind Ste Rae tant ear EO E, 
Value and Limitations of Two-Dimensional Echocardiography 
in Predicting Myocardial Infarct Size 

Win-Kuang Shen, Bijoy K. Khandheria, William D. Edwards, Jae K. Oh, 
Fletcher A. Miller, Jr., James M. Naessens, and Jamil Tajik 


A clinicopathologic study was undertaken to determine the quantitative 
relation between echocardiographic segmental wall motion score and in- 
farct size. Regional wall score positively correlated with the segmental 
infarct size with a sensitivity of 81% and a specificity of 71%. The extent of 
myocardial damage can be grossly quantitated with 2-dimensional echo- 
cardiography. 
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The patient recording started at 11:06 and was recorded for 24 hours, 0 minutes. 

0 minutes of the recording contained excessive artifact. A total of 107240 normal beats 
were detected, The average heart rate was 78 BPM, with the minimum rate of 30 BPM 
at 11:16, and with the maximum rate of 161 BPM at 12:03. 








There was a total of 4979 ventricular abnormal beats detected, equal to 4.4% of all the 
beats detected. 


There was a total of 4119 supraventricular ectopic beats detected which were more than 
35% early. 
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Total paced beats were 65, equal to 0.1% of all the beats detected. There were 
25 events of non capture, equal to 0.0% of all the beats detected. There were 
2 events of failure to sense, equal to 0.0% of all the beats detected. 








The total ischemic time with -1.0 to -1.9 mm ST level in any monitored channel lasted 0 Channel 3 
minutes, with 0 episodes detected. The total ischemic time with -2.0 to -2.9 mm 

ST level in any monitored channel lasted 2 minutes, with 1 episodes detected. 

The total ischemic time with below -3.0 mm ST level in any monitored channel lasted 0 
minutes, with 0 episodes detected. 
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The average ST level of channel 1 was 0.3 mm, with the minimum of -3.0 mm at 11:20, g HE & 
and with the maximum of 1.8 mm at 10:31. The average ST level of channel 2 was con one noe oron se 
0.2 mm, with the minimum of -0.2 at 11:20, and with the maximum of 0.7 mm at 

10:31. The average ST level of channel 3 was 0.2 mm, with the minimum of -1.0 mm at 


11:20, and with the maximum of 0.7 at 10:31. 
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3 patient indicated events occurred during the recording. 


NON-Edited 
Final Interpretation: ——— 
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Three minutes. It also makes it easy to prioritize tapes requiring 
Not a long time to wait for a Holter report. further analysis. : 
Our new Q960 tape-based Holter system — combined So if you’d like to learn more about our new line of = 
with our new model 932 Q- Corder Holter recorder — makes it Holter systems, which also includes the Q955 and Q950, l 
possible. give us a call. 
The Q960 uses a unique Holter cassette tape format I'll be well worth your time. 
which provides full fidelity ECG waveforms. Plus “real-time” 
digitally recorded ECG, pacer, and 3-channel ST data. So 2121 Terry Avenue, Seattle, WA 98121-2791 
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channel ST analysis; arrhythmia, paced 
beat, and heart-rate data; and more. 

This information lets you perform 
an initial assessment of your patient’s 
condition. 
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identification of ‘‘Surgical’’ Coronary Anatomy by Exercise 
Radionuclide Cineangiography 

James B. Wallis and Jeffrey S. Borer 


Radionuclide cineangiography with exercise identifies patients with coro- 
nary arteriographic patterns for which bypass grafting has been shown to 
prolong life (“surgical’’ anatomy). However, previous studies involved 
patients who were excluded from trials demonstrating life-prolonging 
effects of bypass grafting, and did not account for the effect of stenosis 
severity variations inferable from the results of the most recent medical- 
surgical trials. Therefore, the predictive value of radionuclide cineangiog- 
raphy for surgical anatomy was reassessed among 175 patients who under- 
went arteriography and radionuclide study with resting ejection fraction 
= 30%. In this group, ejection fraction change and blood pressure change 
with exercise were the most potent predictors of surgical anatomy using a 
70% stenosis criterion, and a noninvasive analog of stroke work incorpo- 
rating change in both ejection fraction and blood pressure was most 
predictive using a 50% stenosis criterion. 


1158 
Prior Restenosis Predicts Restenosis After Coronary 
Angioplasty of a New Significant Narrowing 

Stuart J. Bresee, Alice K. Jacobs, Gary R. Garber, Nicholas A. Ruocco, 
Jr., Roger M. Mills, Bruce A. Bergelson, Thomas J. Ryan, and 





David P. Faxon 


To test the hypothesis that a history of restenosis is associated with an 
increased incidence of restenosis after percutaneous transluminal coro- 
nary angioplasty (PTCA) of a new narrowing, the records of 100 patients 
who underwent new narrowing PTCA =2 months after successful initial 
PTCA were reviewed. Patients were grouped according to whether initial 
PTCA resulted in angiographic evidence of restenosis. Patients in group 1 
did not have restenosis after initial PTCA (n = 50), whereas patients in 
group 2 did (n = 40). A minimum of 6 months after subsequent PTCA of 
the new narrowing, clinically suspected and angiographically confirmed 
restenosis occurred in 11 of 50 (22%) patients in group 1, and in 20 of 40 
(50%) patients in group 2 (p <0.01). Multivariate analysis identified prior 
restenosis, left anterior descending artery location of stenosis, and severity 
of stenosis before PTCA as independent predictors of restenosis after new 
narrowing PTCA. Therefore, history of restenosis is an independent risk 
factor for subsequent restenosis after angioplasty of a new narrowing. 


1163 

Effectiveness of Sotalol in Preventing Supraventricular 
Tachyarrhythmias Shortly After Coronary Artery Bypass 
Grafting 

Maarten J. Suttorp, J. Herre Kingma, Hans O. J. Peels, Egbert M. 
Koomen, Jan G. P. Tijssen, Norbert M. van Hemel, Jo A. M. Defauw, and 
sjef M. P. G. Ernst 


To investigate sotalol (a class III antiarrhythmic 6 blocker) for prevention 
of supraventricular tachyarrhythmias (SVTs) and to identify predictors 
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for occurrence of these tachyarrhythmias shortly after coronary artery 
bypass graft surgery (CABG), 300 patients were randomized in a double- 
blind, placebo-controlled fashion. SVT was observed in 24 of 150 (16%) 
low-dose sotalol-treated patients and in 49 of 150 (33%) placebo-treated 
patients (p <0.005). Multivariate analysis showed that male sex (odds 
ratio 2.3), 1- or 2-vessel coronary artery disease (odds ratio 2.0) and older 
age (odds ratio 1.1) were independent risk factors for increased occurrence i 
of SVTs shortly after CABG. Sotalol (odds ratio 0.3) gave considerable : 
and safe protection against the occurrence of SVTs after CABG. : 





11723 ee ee | 
Self-Perceived Psychological Stress and Incidence of Coronary £ 
Artery Disease in Middle-Aged Men | 
Annika Rosengren, Gösta Tibblin, and Lars Wilhelmsen 


Self-perceived psychological stress as a risk factor for coronary artery 
disease was evaluated in a prospective population study of middle-aged 
Swedish men. Psychological stress was found to be an independent predic- 
tor of subsequent coronary artery disease, as well as of stroke, death from 
cardiovascular disease and all-cause mortality. 


1176 
Pitfalls in the Determination of Absolute Dimensions Using 
Angiographic Catheters as Calibration Devices in Quantitative 
Angiography 

Donald F. Fortin, Laurence A. Spero, Jack T. Cusma, Leonard Santoro, 
Robert Burgess, and Thomas M. Bashore 





To examine the premise that automated systems might vary in the deter- 
mination of the outer catheter diameter used as a scaling device because of 
variable density in the wall of the catheter, catheters in a variety of French 
sizes from 6 manufacturers were injected with radiographic contrast and 
used to determine diameters for arterial phantoms of known geometric 
dimension. Radiographic diameters of the catheters were also determined 
by applying the quantitative coronary angiographic algorithm to the cath- 
eters using a calibration grid in the same field of view. The varying 
composition of the catheters resulted in differing x-ray attenuation and, 
subsequently, automated edge-detection algorithms varied widely in de- 
termining the actual catheter diameter to be used as a scaling factor. 
These data suggest that a specific “fingerprint” for each catheter material 
and catheter French size exists, rendering generalizations about catheter 
size questionable. Differences in determining absolute dimensions of the 
coronary lesion could result when different catheters are being used as 
scaling devices. 
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Kontron introduces the reliable, 
versatile IABP that goes anywhere. 


Safety, simplic'ty, and convenience, in transport or in- 
hospital. You cant separate them when it comes to reliable 
IABP performanc2 in critical counterpulsation applications. 
They're all essental. They're all designed into Kontron’s new 
KAAT II IABP. 


But you can separate the light, 


compact KAAT II control module from All the data you need are clearly displayed: ECG, arterial 
the pneumatic drive unit. And that's pressure, balloon pressure, SaQz, timing reference, and 
what makes this exceptionally reliable helium supply, (disposable or refillable). Only KAAT II 
pump a unique breakthrough. Usedas provides .5cc to 50cc volume control with .5cc increment 
a laptop” monitor or mounted on an precision. Control keys are simple, direct. Safety features 
IV pole, in a tight corner or an air are comprehensive and automated. And there is full data 
ambulance, the KAAT II stays at the communications capability. 
a you. So you can stay with When close patient management is critical, KAAT II from 
3 Kontron removes the barriers to better care. But that’s only 
half the story. 





O BREAKTHROUGH. 


Kontron offers the reliable, 
versatile IAB that goes anywhere. 


Here’s the point we want to dramatize: In ie. 
a recent 3-year clinical study of intra-aortic =. > 7 
balloons used in counterpulsation, only = 3 
Kontron IABs showed no failures. 


In this study, the Kontron IAB safely 
traversed stenotic areas, and sharp, cal- e 
cified atheromatous material associated with abrasions 
and failures in other balloon catheters. Kontron’s unique 
Cardiothane 51” bioelastomer—proven in over 20 years of 
clinical use — provides outstanding resilience, strength, and 
thrombo-resistance. When you use Kontron IABs, you have 
greater assurance of balloon integrity, even in the wide range 
of patients you see every day. 


Kontron offers more choices, too—all double lumen: 

e The only IAB cleared for sheathless insertion. 

e Flexicath” no-memory flexible catheters with superb 
kink recovery... plus the MaK Sleeve” mobile access 
repositioning sleeve. 








e An expanded range of multisize IAB catheters— 
30cc (8F), 40cc (9F), and 50cc (10F). And Kontron 
[ABs may be used with other IABPs. 


Kontron offers innovations with a purpose: a systems 
approach to safer, more effective counterpulsation. 


For complete information on the advanced Kontron IAB 
and IABP, and a copy of the article “Events Associated with 
Rupture of Intra-aortic Balloon Counterpulsation Devices” 
call 1-800-343-3297. (In MA, 617-389-6400.) 


* Events Associated with Rupture of Intra-aortic Balloon Counterpulsation Devices. 
ASAIO TRANSACTIONS Vol. 37, No. 1 January 1991. 


Refer to package insert and operator's manual for current warnings, precautions, 
and instructions for use. 


V4 KONTRON 
BAN INSTRUMENTS 


KONTRON INSTRUMENTS, INC. 
9 Plymouth Street Everett, Massachusetts 02149-1899 USA 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


1183 

Reverse Use-Dependent Effects of Sotalol Demonstrated by 
Recording Monophasic Action Potentials of the Right Ventricle 
Claus Schmitt, Johannes Brachmann, Martin Karch, Bernd Waldecker, 
Lilia Navarrete, Maria Montero, Thorsten Beyer, and Wolfgang Kübler 


In 22 patients, monophasic action potentials (MAP) were recorded from 
the right ventricle. Before and after intravenous sotalol 1.5 mg/kg, MAP 
at 90% (MAPo99) and 30% (MAP3ọ) repolarization was measured and the 
effects of decremental ventricular pacing was evaluated. With slow ven- 
tricular stimulation frequencies and with long coupling intervals at pro- 
grammed ventricular stimulation, sotalol significantly prolonged MAPop 
and MAP 39; with high stimulation frequencies and at short coupling 
intervals the action potential—prolonging effect of sotalol was diminished, 
indicating a reverse use-dependent effect of sotalol on repolarization in the 
right ventricle in humans. 


MEORE a ER a ed ee Naas Peete a, 
Sympathetic and Vagal Influences on Rate-Dependent Changes 
of QT Interval in Healthy Subjects 

Riccardo Cappato, Paolo Alboni, Paolo Pedroni, Giuseppe Gilli, and 
GianEnrico Antonioli 


The QT interval of 28 healthy subjects was calculated at 6 paced cycle 
lengths between 600 and 400 ms during the basal state and after pharma- 
cologically induced 6 and autonomic blockade. Single regression lines 
showing correlation between pacing cycle length and QT duration at each 
of the 3 states were evaluated in each of the 10 subjects where intrasubject 
cross-comparisons between regression curves were available. The mean 
slope observed after autonomic blockade (b = 0.10 + 0.04) was signifi- 
cantly lower than both during the basal state (b = 0.22 + 0.12, p <0.05) 
and after 6 blockade (b = 0.23 + 0.08, p <0.05). These results show that 
vagal tone increases intrinsic dependence of QT interval at increasing 
cycle length. 


1194 

Electrophysiologic Profile of Ibopamine in Patients with 
Congestive Heart Failure and Ventricular Tachycardia and 
Relation to Its Effects on Hemodynamics and Plasma 
Catecholamines 

Dirk J. Van Veldhuisen, Harry J. Crijns, Armand R. J. Girbes, Tom J. M. 
Tobé, Ans C. P. Wiesfeld, and K. |. Lie 


To study arrhythmogenic properties of the oral dopamine agonist, ibopa- 
mine, programmed electrical stimulation was performed in 12 patients 
with moderate to severe congestive heart failure and ventricular tachycar- 
dia before and after drug administration. No changes were seen in conduc- 
tion or refractoriness. In addition, ibopamine caused no significant proar- 
rhythmia, which may be related to its beneficial effects on hemodynamics 
and plasma norepinephrine levels in this patient group. 
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The latest in clinical cardiolo gy 


from Springer-Verlag 


[| Diagnosis of 


Heart Disease 


Noble O. Fowler, MD, 
University of Cincinnati 
Medical Center, OH 


Dr. Noble O. Fowler, an 
eminent specialist in cardiology, 
presents Diagnosis of Heart 
Disease - a practical, system- 
atic guide to the diagnosis of 
heart disease. Up-to-date 
coverage of the major 
advances in diagnostic 
technologies - including 
noninvasive procedures such 
as echocardiograpy, Doppler- 
echocardiography, computer- 
ized tomography, catheter 
bioptome, nuclear ventriculography, and MRI - make this 
book essential reading. 


All practicing cardiologists, internists, and residents will find 
this volume to be the definitive source on the effective use of 
today’s diagnostic techniques in cardiology. 

1991. 429 pp. 257 illus. Hardcover. 

ISBN 0-387-97428-8 $79.00 


Forthcoming! 


[] Clinical Cardiology 
Fifth Edition 
Elliot Chesler, MD, Chief, Cardiovascular Section, 


VA Medical Center Minneapolis, MD, Professor of 
Medicine, University of Minnesota, MN 


Clinical Cardiology, Fifth Edition presents students, 
residents, and house officers with a pragmatic, teaching- 
oriented guide to the clinical diagnosis and management of 
heart disease. This fundamental text provides a thorough 
grounding in the pathophysiology, natural history, and 
treatment of both congenital and acquired heart disease in 
adults and children. 


Also of note: the presentation of each disease emphasizes 
history taking and physical diagnosis - and correlates them with 
the most up-to-date diagnostic and therapeutic techniques. 


New to the Fifth Edition: syncope, high output states, 
myxedema, cardiac neurosis, deformity of the thorax, 
congenital left ventricular aneurysms, cardiac tumors, and 
management of cardiac patients during non-cardiac surgery 
and pregnancy. Revised chapters describe ischemic heart 
disease, heart failure, dysrhythmias and echocardiography. 
May 1992. Approx. 552 pages., 248 illus. Hardcover. 
ISBN 0-387-97712-0 $89.00 (tent.) 





New York œ 
11/91 


Berlin ¢ Heidelberg * Vienna * London 





6 Springer-Verlag 


e Paris 


C] Neonatal 


Heart Disease 
Edited by Robert M. Freedom, 
MD; Leland N. Benson, MD; 
and Jeffrey F.Smallhorn, MD; 
all of The Hospital for Sick 
Children, Toronto, Canada 


Written by members of one of 
the world’s leading pediatric 
cardiology units, Neonatal 
Heart Disease provides an 
encyclopedic reference to all 
aspects of congenital and 
acquired heart disease of the 
neonate - including morphol- 
ogy, clinical recognition, 
noninvasive and invasive 
diagnostic methodologies, 
differential diagnoses, and current strategies in management. 
November 1991. Approx. 912 pp. 960 illus. Hardcover. 
ISBN 0-387-19639-0. $180.00 


|] Cardiac Transplantation 


A Manual for Health Care Professionals 

Edited by Jeffrey D. Hosenpud, MD; Adnan Cobanoglu, 
MD; Douglas J. Norman, MD; and Albert Starr, MD; all 
of the Oregon Health Sciences University, Portland, OR 


This concise, clinical book reviews all aspects of cardiac 
transplantation from a multidisciplinary perspective. > 
Utilizing a practical approach this book provides a compre- 
hensive overview of the care of the cardiac allograft patient; 
and both currently accepted as well as controversial aspects 
of cardiac transplant medicine are discussed. 

1991. 265 pp. 73 illus. Hardcover. ISBN 0-387-97304-4 
$75.00 





To Order: 


Call TOLL FREE 1-800-SPRINGER. Please mention S984 when ordering by telephone, 
OR check off books above and mail this page to Springer-Verlag New York, Inc., 
Attn: M. Connor, 175 Fifth Avenue, New York, NY 10010. Please enclose $2.50 for 
shipping and add appropriate sales tax if you reside in NY, NJ, MA, or CA. 

In Canada, please add 7% GST. 

Payment: 

O Purchase Order [] Check 

Credit Card: O Visa O AMEX O MC [O Discover 

Card Number. Expires 

Signature 

Name 

Address 

City/State/Zip 

To receive an examination copy for review, please submit requests on departmental 
letterhead. Requests are considered when submitted on departmental letterhead. Please 
provide the course title and level, name of text currently in use, anticipated enrollment, 
semester offered, and text decision date. Submit requests to address above. 


Remember... Your 30-day return privilege is always guaranteed! 


e Tokyo * HongKong œ Barcelona 


S984Z 





* Budapest 
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CONGESTIVE HEART FAILURE 


1203 reer SE ee Pa a A E We ee 
Usefulness of OPC-8212, a Quinolinone Derivative, for Chronic 
Congestive Heart Failure in Patients with Ischemic Heart 
Disease or Idiopathic Dilated Cardiomyopathy 

Arthur M. Feldman, Kenneth L. Baughman, William K. Lee, Sheldon H. 
Gottlieb, James L. Weiss, Lewis C. Becker, and John E. Strobeck 


To assess the safety and efficacy of the experimental inotropic agent OPC- 
8212 in patients with chronic congestive heart failure, 80 patients with 
New York Heart Association class II to IV symptoms were randomized to 
12 weeks of double-blind therapy with 60 mg/day of OPC-8212 or place- 
bo. Treatment with OPC-8212 decreased the incidence of morbidity / 
mortality during 12 weeks of therapy. This decrease was associated with 
improved quality of life and an absence of worsening ventricular ectopy. 
The beneficial effects of OPC-8212 in this 2-center, 80-patient study 
suggest that larger multicenter randomized trials of OPC-8212 are war- 
ranted. 


CONGENITAL HEART DISEASE 


1211 
Doppler Assessment of Pulmonary Artery Flow Patterns and 
Ventricular Function After the Fontan Operation 

Peter C. Frommelt, A. Rebecca Snider, Jon N. Meliones, and 

Roger P. Vermilion 





To assess the relation between ventricular systolic and diastolic function 
and pulmonary artery (PA) flow patterns after the Fontan operation, 15 
postoperative patients were evaluated using 2-dimensional and Doppler 
echocardiography. Compared with 15 age-matched controls, the Fontan 
patients had abnormal diastolic filling patterns consistent with impaired 
ventricular relaxation and decreased early diastolic transvalvular pressure 
gradient. PA Doppler recordings showed 2 distinct patterns of flow. Pat- 
tern I, observed in 9 patients, showed biphasic forward flow with peak 
velocities in mid to late systole and mid-diastole. Pattern II, observed in 
the remaining 6 patients, showed decreased systolic forward flow, a late 
systolic to early diastolic flow reversal, and delayed onset of diastolic 
forward flow. Compared with pattern I patients, pattern II patients had no 
significant differences in any of the Doppler indexes of diastolic function: 
however, pattern II patients had a significantly lower ejection fraction. 
Thus, many Fontan patients have impaired ventricular relaxation, but, in 
the presence of a normal ejection fraction, biphasic forward PA flow is 
maintained. With the development of decreased ejection fraction, PA flow 
is diminished or absent in systole and early diastole. 
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Late Potentials and Their Relation to Ventricular Function in 
Human Immunodeficiency Virus Infection 

Judith Hsia, Steven D. Colan, Sara Adams, and Allan M. Ross 


Signal-averaged electrocardiograms were performed on 225 patients with 
serologic evidence of human immunodeficiency virus infection and 12 
seronegative control subjects. The duration of signal-averaged QRS vec- 
tor, root-mean-square voltage of the terminal 40 ms of the vector magni- 
tude and the duration of low-amplitude (<40 uV ) signal were determined 
during serial visits at 4-month intervals. One or more of these variables 
was abnormal on initial visit in 59 patients (26%); none of the seronegative 
control subjects had any abnormal variables (p <0.03). During follow-up 
(mean 10 + 8 months), 26 patients with initially normal studies developed 
at least 1 abnormal variable and 24 with abnormal signal-averaged elec- 
trocardiograms reverted to normal. Late potentials were not related to 
echocardiographic abnormalities. 





EDITORIALS 


1221 

Magnesium in Acute Myocardial Infarction (International 
Study of Infarct Survival 4) 

Mildred S. Seelig 


1222 
Divine Intervention 
George A. Diamond 








BRIEF REPORTS 


1224 

Usefulness of Echocardiography to Differentiate Dilated 
Cardiomyopathy from Coronary-Induced Congestive Heart 
Failure 

Rienzi A. Diaz, Petros Nihoyannopoulos, George Athanassopoulos, and 
Celia M. Oakley 


, eo er IT RESET Se ase Ree he TEE hn e SS Ls ee Sa 
Efficacy and Safety of Sotalol in Digitalized Patients with 
Chronic Atrial Fibrillation 

Steven Singh, Ravinder K. Saini, John DiMarco, Jeffrey Kluger, Robert 
Gold, Yiwang Chen, and the Sotalol Study Group 


1231 
Exercise Performance with Single Chamber Rate-Responsive 
Pacing in Congenital Heart Defects After Operation 

Stephen M. Paridon, Peter P. Karpawich, and William W. Pinsky 
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1233 

H and L Ferritins in Myocardium in iron Overload 

Eloisa Arbustini, Maurizia Grasso, Guido Rindi, Paolo Arosio, Antonello 
Gavazzi, Marta Diegoli, Manuela Bramerio, Sonia Levi, and 

Giovanni Barosi 


| We A SSA Lae E AAAA a A i aT r ee” A ee 
Noninvasive Assessment by Pulsed Doppler Ultrasound of Left 
Ventricular Filling Behavior in Long Distance Runners During 
Marathon Race 

Thomas V. Störk, Martin Möckel, Hermann Eichstädt, Reinhold M. Müller, 
and Hans Hochrein 


1242 

Bayes’ Theorem and the Echocardiographic Diagnosis of 
Cardiac Tamponade 

Mark J. Eisenberg and Nelson B. Schiller 


Be LL Sata li A I AE Pee e A i AEA O OR 
Influence of Age, Body Size and Heart Rate on Left Ventricular 
Diastolic Indexes in Young Subjects 

Shannon M. Holmgren, Stanley J. Goldberg, and Richard L. Donnerstein 


1247 EEE R One S e OTA E T T 
Comparison of Transesophageal and Transthoracic Contrast 
Echocardiography for Detection of a Patent Foramen Ovale 
Peter Siostrzonek, Massoud Zangeneh, Heinz Gössinger, Wilfried Lang, 
Georg Rosenmayr, Gottfried Heinz, Andreas Stumpflen, Karl Zeiler, 
Martin Schwarz, and Herbert Mésslacher 


1249 

Cutting Balloon: A Novel Approach to Percutaneous 
Angioplasty 

Peter Barath, Michael C. Fishbein, Sandor Vari, and James S. Forrester 





CASE REPORTS 


1293 A A AED EN Rs WA PR ane a E, SAE BYR E ae A 
Strut Fracture and Embolization of a Bjork-Shiley Valve from 
the Tricuspid Valve Position 

Marc A. Silver 


| e BOON AES LE VOT IPO Se RIBOSE YS Ber Se ra To! Saad 
Management of the Neonate with Transposition of the Great 
Arteries and Persistent Pulmonary Hypertension 

Anthony C. Chang, Gil Wernovsky, Thomas J. Kulik, Richard A. Jonas, 
and David L. Wessel 
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1255 

Rupture of Congenital Sinus of Valsalva Aneurysm ina 
Newborn 

Lowell W. Perry, Gerard R. Martin, Frank M. Galioto, Jr., and 
Frank M. Midgley 


7 Cer CARRE Dice ante eee Be Se ee Se RE A 
Left Main Coronary Artery Arising from the Pulmonary Trunk 
in a 56-Year-Old Patient Presenting with Acute Myocardial 
Infarction 

John R. Letcher, Daniel McCormick, Steve Tendler, John Ross, Jr., 
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Cholesterol-Lowering Effects of a 10 mg Daily 
Dose of Lovastatin in Patients with Initial 
Total Cholesterol Levels 200 to 240 mg/dl 
(5.18 to 6.21 mmol/liter) 


Ardon Rubinstein, MD, Yoav Lurie, MD, Itamar Groskop, MD, and Moshe Weintrob, MD 





Subjects with plasma cholesterol levels >240 
mg/dl (6.21 mmol/liter) and those with >200 
mg/dl (5.18 mmol/liter) who have coronary ar- 
tery disease, or those with 2 risk factors for 
ischemic heart disease who do not respond to a 
hypocholesterolemic diet should all be treated. 
Lovastatin, which is an inhibitor of hydroxy- 
methygluteryl coenzyme A reductase, is a new 
agent for treating hypercholesterolemia and is 
administered in a dose of 20 to 80 mg/day. A 
study was conducted in which only 10 mg of lo- 
vastatin was given to 28 subjects with plasma 
cholesterol of 200 to 240 mg/dl (5.18 to 6.21 
mmol/liter). Cholesterol plasma levels decreased 
in 19% and low-density lipoprotein cholesterol 
decreased by 24% from baseline levels after 20 
weeks of treatment. All 28 patients decreased 
their cholesterol values to <200 mg% (5.18 
mmol/liter), and only 1 had a low-density lipo- 
protein level >130 mg% (3.36 mmol/liter) at ter- 
mination of the study. Achievement of desirable 
values of cholesterol with 10 mg of lovastatin 
was accompanied by less adverse effects and 
with significant financial saving. The calculated 
saving for lovastatin consumers in the USA could 
be an amount of $60,000,000. Thus, it is rec- 
ommended that this drug be manufactured in 10 
mg tablets. 

(Am J Cardiol 1991;68:1123-1126) 
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he National Cholesterol Education Program, 

coordinated by the National Institute of Health, 

concluded that the desired blood cholesterol lev- 
el is <200 mg/dl (5.18 mmol/liter), and the borderline 
high blood cholesterol is 200 to 240 mg/dl. Blood cho- 
lesterol levels >240 mg/dl (6.2 mmol/liter) should be 
reduced, and patients who have definite coronary artery 
disease or 2 other risk factors should reduce their blood 
cholesterol levels to <200 mg%.!? Risk factors are de- 
fined as male sex, smoking >10 cigarettes per day, 
family history of premature coronary artery disease, 
hypertension, diabetes mellitus, high-density lipopro- 
tein (HDL) cholesterol concentration <35 mg/dl (0.9 
mmol/liter), history of cerebrovascular or occlusive pe- 
ripheral vascular disease or severe obesity (>30% over- 
weight). 

Lovastatin (Merck, Sharp & Dohme, Rahway, 
New Jersey), a new hypocholesterolemic agent, was re- 
cently registered in Israel. The recommended dosage is 
20 to 80 mg/day, and each tablet contains 20 mg of 
lovastatin. This medication is extremely expensive; the 
price of a single 20 mg tablet is $2.00, and that of 40 
mg is $3.90. The estimated number of patients in Israel 
who need lovastatin therapy is about 30,000, consti- 
tuting an annual cost of $21,000,000 if each patient 
takes only 1 tablet daily. One way in which to cut the 
enormous cost for this amount of patients is to try and 
treat a subgroup which is at high risk for developing 
coronary artery disease with a dose of 10 mg of lovasta- 
tin per day. 

We conducted a study to examine whether a small- 
er dose of lovastatin could reduce blood cholesterol lev- 
els to <200 mg/dl and thereby save money and at the 
same time reduce the adverse effects of the drug. 


METHODS 
Patients: The study consisted of 28 patients (22 
men and 6 women) with blood cholesterol levels of 200 
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Baseline Levels 


o % Change Caused by Lovastatin (weeks) 
Baseline Values 
mg/dl) 4 


226 + 18.6 -18.4 
163.2 + 14.4 -23.7 
42.6 + 5.3 +2.4 
152 + 16.6 -16.0 


p <0.01 from baseline. 
chol. = cholesterol; HDL = high-density lipoprotein; LDL = low-density lipoprotein. 


Lipids 


Total chol. 
LDL 

HDL 
Triglycerides 


to 240 mg/dl after 3 months on the American Heart 
Association phase I lipid-lowering diet, and an addi- 
tional 3 months on the phase II diet, with confirmed 
coronary artery disease or 2 risk factors for coronary 
artery disease. Patients were excluded from the study if 
they had elevated liver enzymes, impaired renal func- 
tion or secondary hypercholesterolemia. The patients 
were not taking any other lipid-lowering drugs. 

Thirteen patients had myocardial infarction or coro- 
nary artery bypass graft, or both; 7 patients had a defi- 
nite anginal syndrome and 8 patients had elevated 
blood pressure, controlled by antihypertensive drugs; 3 
patients had diabetes mellitus; 2 were taking an oral 
hypoglycemic agent and 1 was only on a diet; 7 smoked 
>10 cigarettes per day and 1 smoked a pipe; 6 patients 
had a family history of positive coronary artery disease; 
none had severe obesity; 6 patients had HDL of <35 
mg/dl (0.9 mmol/liter). 

For 6 months before the study, as well as during 
drug therapy, the patients were given the American 
Heart Association phase I diet; those who did not re- 
spond after 3 months were transferred to the phase II 
diet. All patients were given 10 mg of lovastatin with 
their dinner. Blood lipids were tested after 4, 8, 16 and 
20 weeks. If, after 8 weeks, blood cholesterol levels did 
not reach 200 mg/dl, 4 g of cholestyramine was added 
before breakfast. After an additional 8 weeks, blood 
cholesterol was measured and if the cholesterol levels 
had not decreased to <200 mg%, the lovastatin dose 
was increased to 20 mg/day with dinner, and the cho- 
lesterol level was retested after a further 4 weeks, at 
week 20. 

A dose of 10 mg of lovastatin was given by cutting 
the 20 mg tablets in half. Blood was withdrawn from 
the antecubital vein into tubes containing ethylene dia- 
minetetraacetic acid after a 12-hour fast and plasma 
was separated within | hour. Laboratory tests were 
conducted for plasma cholesterol level, plasma triglyc- 
erides and HDL, asparatate aminotransferase, alamine 
aminotransferase, alkaline phosphatase, creatine phos- 
phokinase, glucose and creatinine. Laboratory tests 
were determined a week before the start of the study 
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TABLE Il Mean Cholesterol Values at Each Time Period 
(mg/dl) in 28 Men 


Pt, 0 4 8 16 20 
No. Weeks Weeks Weeks Weeks 
















































1 180 184 182 

2 236 190 182 190 192 
3 218 171 174 177 (20 mg)* 177 
4 231 201 204 (4 gcholest.)t 181 178 
5 227 187 196 198 191 
6 212 181 182 188 177 
7 233 207 202 (4 gcholest.)t 179 168 
8 231 200 194 199 188 
9 239 172 174 178 182 
10 220 181 189 186 192 
11 231 182 182 178 179 
12 228 180 189 198 196 
13 216 172 182 174 169 
14 222 202 196 191 194 
r5 224 198 203 (4 gcholest.)t 168 178 
16 231 211 214 (4 gcholest.)t 204 (20 mg)* 186 
17 240 168 174 174 171 
18 232 183 180 172 182 
19 220 171 172 180 174 
20 218 172 180 167 172 
21 208 169 184 186 184 
22 209 190 198 192 187 
23 219 184 188 190 182 
24 226 191 194 189 177 
25 232 180 182 184 178 
26 237 201 198 196 199 
27 236 190 196 171 181 
28 227 189 188 189 191 









Mean 225.9 184.3 185.1 
+SD +186 +11.9 +19.8 
*Dosage increased to 20 mg/day. 


tCholestyramine (4 g) added to treatment. 
SD = standard deviation. 


184.8 
+10.6 


182.5 
+82 



















— after 6 months on a lipid-lowering diet — and | 
week before each visit (4, 8, 16 and 20 weeks of treat- 
ment). Cholesterol levels were assayed using the enzy- 
matic cholesterol oxidase para-aminophenzone peroxi- 
dase method (Boehringer Mannheim GmbH Kit no. 
236691). Serum triglyceride levels were determined by 
measuring glycerol after enzymatic hydrolysis with 
lipase using Boehringer Mannheim GmbH Kit no. 
701912. HDL was isolated using the Lipid Research 
Clinics heparin manganese procedure? and cholesterol 
content was determined by the enzymatic method pre- 
viously mentioned. Low-density lipoprotein (LDL) was 
calculated by the Friedwald formula.4 

Results are given as mean + standard deviation. 
Changes from baseline were calculated from the value 
of the baseline period (week 0). Statistical significance 
was performed by paired ¢ test. 


RESULTS 

All 28 patients completed the study. After 4 weeks 
of treatment, total cholesterol decreased from baseline 
values in 18.4%; after 8 weeks it decreased in 18% and 
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at 20 weeks in 19% of patients. LDL decreased in 25, 
24.5 and 24%, respectively, during the same time peri- 
ods. HDL increased from baseline levels in 2.4, 4.4 and 
4 at the end of 4, 8 and 20 weeks of treatment, respec- 
tively (Tables I and II). 

After 8 weeks of treatment, only 4 patients did not 
achieve the desired value of 200 mg/dl of cholesterol 
in the plasma, and 4 g of cholestyramine was added 
to their treatment before breakfast. After another 8 
weeks, only | patient still had a cholesterol level >200 
mg/dl and the lovastatin dose was doubled to 20 mg. 
At 20 weeks, his cholesterol decreased to below the de- 
sired value of 200 mg/dl. LDL, which was >130 mg% 
(3.36 mmol/liter) in 27 subjects, decreased to <130 
mg% in 23 patients after 4 weeks of therapy with 10 
mg of lovastatin; at 20 weeks of treatment it was >130 
mg% (132) in only 1 patient. 

Lovastatin 10 mg/day was well tolerated. Two pa- 
tients complained of abdominal discomfort at 4 weeks. 
Creatine phosphokinase levels in | patient increased by 
10% above the normal limit, but decreased to normal at 
the next time period. In another patient, the alanine 
aminotransferase levels slightly increased but later re- 
turned to normal. None of the patients had any coro- 
nary event during the study period. All continued on 
the same regimen of treatment after termination of the 
study. 


DISCUSSION 

Small doses of lovastatin caused a reduction in total 
blood cholesterol levels in patients with borderline high 
levels of 200 to 240 mg% (5.18 to 6.21 mmol/liter), 
who had 2 risk factors for coronary artery disease or 
had experienced a coronary event. In this group, it is 
extremely important to reduce blood cholesterol levels 
to postpone a coronary event. After 16 weeks of treat- 
ment, only 4 patients needed to supplement therapy 
with cholestyramine to reduce their blood cholesterol 
levels to <200 mg% (5.18 mmol/liter), indicating that 
reduction of cholesterol can be achieved with small 
doses of lovastatin (10 mg). With the reduction in 
LDL, there was also a mild increase in HDL and a 
moderate decrease in triglyceride plasma levels. Only a 
few side effects were reported, being less than other 
studies using higher doses of the drug.’ 

The purpose of lipid-lowering therapy is to reduce 
the risk of arteriosclerosis and coronary artery disease. 
The reduction in total cholesterol levels by a low dose 
of lovastatin resulted from a decrease in LDL and 
very low density lipoprotein cholesterol, expressed 
by reduced triglyceride levels. The decrease in LDL 
and slight increase in HDL (the LDL/HDL ratio) is 
strongly associated with a reduction in ischemic heart 


disease.© Lowering plasma cholesterol levels by 1% 
could be expected to decrease the rate of ischemic heart 
disease by 2%.’ Therefore, the reduction of 18% in to- 
tal cholesterol could be expected to lower the risk of 
coronary events by 36% in the patients studied. 

The issue of the cost-effectiveness of hydroxymeth- 
ygluteryl coenzyme A reductase inhibitor was recently 
discussed.8? The price of 20 mg of lovastatin in Israel is 
$2.00, and it is estimated that 30,000 people in Israel 
will need lovastatin therapy at a yearly cost of $700 per 
person (an annual cost of $21,000,000 for the State of 
Israel). Approximately 20% of the patients requiring 
lovastatin are those with borderline levels, and treat- 
ment with 10 mg lovastatin would be sufficient to reach 
the desired value of 200 mg% (5.18 mmol/liter) of 
plasma cholesterol. Thus, a saving of $2,100,000 would 
be made on the assumption that a 10 mg tablet of lo- 
vastatin would cost only $1.00. In Israel, the price 
of a 40 mg tablet is almost twice that of a 20 mg 
tablet. 

In the United States the monthly cost of 20 mg 
of lovastatin is $45. By now, 1,000,000 people receive 
this drug!® — 39% being men with blood cholesterol 
levels of 200 to 240 mg%,!! and 56% being either 
smokers or hypertensive, or both.’ Thus, 220,000 per- 
sons treated with 20 mg of lovastatin at a yearly cost of 
$121,000,000 could reach the desired value of 200 
mg/dl of cholesterol with only 10 mg lovastatin. This 
would be a yearly saving of $60,000,000 for lovastatin 
consumers, on the assumption that 10 mg tablets will 
be half the price of 20 mg tablets in the USA. In this 
calculation, we did not take into account those whose 
total plasma cholesterol is >240 mg/dl, and do not 
have 2 risk factors for coronary artery disease or 
ischemic heart disease. Their total cholesterol levels 
may be reduced to <240 mg/dl (6.18 mmol/liter) by 
using only 10 mg of lovastatin. If these would also be 
included, the financial saving would be significantly 
higher. 

We suggest that tablets of lovastatin 10 mg should 
be marketed because of both the economical point of 
view and the reduced adverse effects observed with the 
lower dose. Other hydroxymethylgluteryl coenzyme A 
reductase inhibitors are now being used worldwide and 
determination of their “minimal dose” is warranted. 
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Long-Term Safety and Efficacy 
Profile of Simvastatin 


Stephen J. Boccuzzi, PhD, Tomas S. Bocanegra, MD, J. Findlay Walker, MD, 
Deborah R. Shapiro, DrPH, and Maureen E. Keegan, MS 


Simvastatin, a 3-hydroxy-3-methylglutaryl-coen- 
zyme A reductase inhibitor, has been adminis- 
tered to approximately 2,400 patients with pri- 
mary hypercholesterolemia with a mean follow- 
up of 1 year in controlled clinical studies and 
their open extensions. Approximately 10% of 
this population received simvastatin for a period 
of >2 years. The population on whom this safety 
analysis is based had a mean age of 50 years; 
62% were men and approximately 27% had 
preexisting coronary artery disease. Simvastatin 
was titrated to the maximal daily dose of 40 mg 
each evening in 56% of the study population 
(last recorded dose). The most frequently report- 
ed drug-related clinical adverse experiences 
were constipation (2.5%), abdominal pain 
(2.2%), flatulence (2.0%) and headaches (1%). 
Persistent elevations of serum transaminase lev- 
els >3 times the upper limit of normal were ob- 
served in only 1% of this cohort with only 0.1% 
of the total population requiring discontinuation 
of therapy. There were no clinically apparent 
episodes of hepatitis. Discontinuation of therapy 
due to myopathy was extremely rare (0.08%). 
Only minimal increases in the frequency of lens 
opacities (1%) were observed from baseline to 
the last lens examination during follow-up, con- 
sistent with the expected increase in lens opacity 
development due to normal aging. Patients who 
were >65 years old had a clinical and laboratory 
safety profile comparable to the nonelderly pop- 
ulation. An evaluation of long-term efficacy indi- 
cates that the magnitude of total and low-density 
lipoprotein cholesterol reduction and high-densi- 
ty lipoprotein cholesterol increases initially ob- 
served were maintained after 3 years of chronic 
treatment with simvastatin. Long-term clinical 
experience with simvastatin continues to indicate 
that it is an efficacious and well-tolerated lipid- 
lowering agent. 

(Am J Cardiol 1991;68:1127-1131) 
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hydroxy-3-methylglutaryl-coenzyme A (HMG- 

CoA) reductase, the rate-limiting enzyme in 
cholesterol biosynthesis. Like lovastatin, the first in this 
class of drugs to be approved for treatment of hyper- 
cholesterolemia,' simvastatin also inhibits cholesterol 
biosynthesis resulting in a compensatory increase in the 
number of hepatic low-density lipoprotein (LDL) re- 
ceptors. This LDL receptor increase results in greater 
uptake of LDL cholesterol particles from the blood and 
lowering of circulating cholesterol levels.2-* Structural- 
ly, simvastatin is very similar to lovastatin except for 
the presence of an additional methyl group on the ester 
side chain and is more potent on a milligram to milli- 
gram basis than lovastatin. Simvastatin is administered 
as a lactone that is hydrolyzed primarily in the liver to 
the biologically active 8-hydroxyacid form. The lactone 
form of this drug has been found to be more liver-spe- 
cific in that it undergoes a greater degree of first-pass 
extraction by the liver,’ where it is converted to various 
active and inactive metabolites. Less than 5% of an ad- 
ministered simvastatin dose is available to the systemic 
circulation as active inhibitors, with <0.5% of a test 
dose recovered in the urine as total HMG-CoA reduc- 
tase inhibitors.67 Simvastatin in therapeutic doses has 
been efficacious in the treatment of primary hypercho- 
lesterolemia, producing marked mean reductions in 
plasma total and LDL cholesterol. Mean reductions in 
total cholesterol and LDL cholesterol of 21 to 33% and 
24 to 40%, respectively, as well as mean increases in 
high-density lipoprotein cholesterol of 8 to 13% have 
been observed with a single evening dose of 10 to 40 
mg. In the initial clinical trials,?~!! simvastatin was 
well tolerated with most clinical adverse experiences re- 
lated to the gastrointestinal tract with no greater inci- 
dence than control agents. Laboratory adverse events 
were related to elevations of liver transaminases and 
creatine kinase. Ophthalmologic evaluations revealed 
that simvastatin had no detectable adverse effects on 
the human lens.®:!? In this report, we present longer- 
term clinical experience in 2,361 patients treated with 
simvastatin for up to 3 years. 


S imvastatin is a potent inhibitor of the enzyme 3- 


METHODS 
The patients included in this review participated in 
the phase I, IIa, Hb, and III controlled clinical trials 
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TABLE I Pcpulation Demographics (n = 2,361) 


No. of 
Race/Gender Pts. 


Men 
(mear age 46 yrs) 
Women 
(mear age 56 yrs) 
Caucasian 
Black 
Other 
Dosage cistribution 
1—10 ng* 
20—30 mg* 
40 me+* 
Baselinelipids 
Mean ctal cholesterol 
Mean _DL-C 
Mean =DL-C 
Mean ~nglycerides 


*Total dosage wach evening. vee 
HDL-C = higt-density lipoprotein cholesterol; LDL-C = low-density lipoprotein 
cholesterol. 


TABLE ff Most Frequently Reported Clinical Adverse 
Experiences considered by the Investigators to be Related to 
Simvastatin ~herapy 


Adverse =xperience No. of Pts. 


Constipzion 
Abdomir=! pain 
Flatulence 
Nausea 
Headache 





and their open extensions conducted by Merck Sharp 
& Dohme Research Laboratories.?-'!' The population 
comprised patients from 27 domestic and international 
clinical trials and their open extensions including studies 
to evaluate efficacy in comparison to other hypolipide- 
mic agents cr placebo, as well as bioavailability, kinetic 
and metabolic interaction studies. All patients received 
routine clinical evaluations and laboratory studies and 
were monitered for adverse clinical and laboratory 
events. Plasma lipids, lipoproteins, serum transamin- 
ases, creatine kinase and other hematologic and bio- 
chemical measures were obtained regularly. Ophthal- 
mologic examinations were conducted periodically dur- 
ing chronic administration of the drug. 
Demographics: The total population consisted of 
2,361 patien-s; 1,457 (62%) men and 904 (38%) wom- 
en with a mean population age of 50 years. The dosage 
distribution ef simvastatin from the last recorded dose 
and other baseline characteristics are summarized in 
Table I. The mean duration of therapy was approxi- 
mately 1 year (357 days) with 25% (595) of patients 
receiving simvastatin for 218 months and 233 (10%) 
for a period of 22 years. The maximal duration of 
therapy was 3 years. The concomitant use of other lip- 
id-lowering gents was permitted during the open ex- 
tensions witk 577 patients (24%) receiving other lipid- 





Patients with 
Therapy 
Interrupted or 
Discontinued 


Patients with 
Persistent 
Elevationst 


Patients with 
Total Elevations* 
Patients 
Tested No. (%) 


. (%) No. (%) 


SGOT 
SGPT 
Either 


34 (1.4) 
61 (2.7) 
73 (3.0) 25 


5 (0.2) 

7 (0.3) 

7 (0.3) 
*Elevations > 3 times upper limit of the normal range. 

tElevations > 3 times upper limit of the normal range on 2 consecutive laboratory 


assays. 
SGOT = aspartate aminotransferase; SGPT = alanine aminotransferase. 


lowering agents. Most of these patients (92%) received 
concomitant bile acid sequestrants. 

Adverse experiences: [he most frequently observed 
drug-related clinical adverse experiences were gastroin- 
testinal in nature including abdominal pain, constipa- 
tion, flatulence and nausea. These events were usually 
mild and transient and required discontinuation of ther- 
apy in only 0.3% of the population (Table I1). Labora- 
tory adverse events were most often related to eleva- 
tions in serum transaminases. Only 0.7% of this cohort 
was withdrawn because of a drug-related laboratory 
adverse event. 

In patients taking concomitant therapy with 8 
blockers, calcium antagonists, nonsteroidal antiinflam- 
matory agents, diuretics, angiotensin-converting en- 
zyme inhibitors or anticoagulants, the frequency of clin- 
ical adverse events was not significantly different from 
that observed in patients receiving monotherapy with 
simvastatin. The higher incidences of other adverse 
events were usually related to the specific adverse event 
profiles for the concomitant drug (e.g., fatigue with 8 
blockers, headaches and constipation with calcium an- 
tagonists) and the medical conditions for which these 
agents would have been prescribed (e.g., 6 blockers for 
coronary artery disease). 

Hepatic evaluation: The use of HMG-CoA reduc- 
tase inhibitors has been associated with infrequent ele- 
vations of serum transaminase levels which are usually 
mild and transient. Table II] summarizes data from 
patients taking simvastatin who experienced elevations 
of hepatic enzymes to >3 times the upper limit of the 
normal range. Twenty-five patients (1%) had persistent 
elevations >3 times the upper limit of the normal range 
22 consecutive laboratory assays. Seven of these pa- 
tients (0.3%) required a temporary interruption (n = 4) 
or discontinuation (n = 3) of simvastatin therapy. The 
remaining patients continued with simvastatin therapy 
because their transaminase levels spontaneously re- 
turned to within normal limits. None of these elevations 
were associated with clinical evidence of hepatotoxicity 
and all of these transaminase elevations were reversible 
with an interruption of simvastatin therapy. None of 
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the transaminase elevations in this population were as- 
sociated with significant elevations in other laboratory 
parameters including bilirubin and alkaline phospha- 
tase. 

Muscle evaluation: Thirteen patients (0.6%) had 
single elevations in creatine kinase >10 times the upper 
limit of the normal range. Diffuse muscle pain or weak- 
ness associated with an elevation >10 times the upper 
limit of the normal range in creatine kinase not due to 
trauma or strenuous exercise (myopathy) was observed 
in 2 open-extension patients (0.08%). The first case 
involved a 32-year-old hypercholesterolemic man ini- 
tially treated with fenofibrate in a comparative study 
with simvastatin. He was switched to simvastatin 20 
mg/day in an open-extension phase and his dose in- 
creased to 40 mg/day 2 months later. Cholestyramine 
16 g/day was added 4 months later. At the same time 
simvastatin was started the patient began an intensive 
exercise program and experienced persistent muscle 
pain with creatine kinase levels of 12,510 U /liter (nor- 
mal range 15 to 120 U/liter). Myoglobinuria was not 
reported. After simvastatin was discontinued, his symp- 
toms abated and the creatine kinase level decreased to 
within 2 times the upper limit of the normal range. It 
was not clear, however, whether this myopathy was 
drug-induced or secondary to intense exercise. A second 
open-extension patient, a 28-year-old hypercholesterol- 
emic man receiving combined simvastatin and fibrate 
therapy, also developed myopathy. On further evalua- 
tion he was found to have Hashimoto’s thyroiditis 
(peak creatine kinase 1,427 U/liter). The myopathy re- 
solved with correction of his hypothyroidism and his 
therapy with simvastatin was reinstituted without 
further incident. One patient who underwent cardiac 
transplantation took simvastatin and cyclosporine con- 
comitantly with no reports of myopathy to date. 

Ophthalmologic evaluation: Ophthalmologic exami- 
nations were performed on all study participants at 
baseline (before treatment) and usually every 6 months 


FIGURE 1. Pretreatment prevalence of 
lens opacities in the simvastatin population 


versus age. 
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TABLE IV Prevalence of Lens Opacities 





Lens Opacities 
Baseline Final Examination* 
No. (%) No. (%) 
Total population (n = 2,014) 765 (38) 806 (40) 
Treatment of > 18 279 (39) 291 (40) 


months (n = 721) 


*Includes only patients with data at both examination periods. 


to 1 year during treatment. To determine the effect of 
normal aging on lens opacity prevalence, the frequency 
of lens opacities at baseline is plotted against age in 
Figure 1. Based on this cross-sectional analysis, the ex- 
pected increase in the prevalence of lens opacities due 
to normal aging in this cohort would be approximately 
1.2% /year.!° 

An analysis of slit-lamp examinations in simvasta- 
tin-treated patients (n = 2,014) and patients who re- 
ceived simvastatin for 218 months (n = 721) revealed 
only minimal increases (1 to 2%) in the frequency of 
lens opacities to the last ophthalmologic examination 
(Table IV). These increases were consistent with both 
the expected prevalence related to the age of the popu- 
lation (mean age 50 years) and the calculated incidence 
due to normal aging (1.2%). 

Fatal and nonfatal cardiovascular events: A previ- 
ous history of coronary artery disease was present in 
27% of this hypercholesterolemic population. Despite 
this prevalence of preexisting coronary artery disease 
the incidence of nonfatal cardiovascular adverse experi- 
ences was low: 26 patients (1.1%) with new-onset angi- 
na pectoris and 29 patients (1.2%) with a newly docu- 
mented nonfatal myocardial infarction. The coronary 
heart disease mortality rate was 5 of 1,000 per year (12 
of 2,361 patients). Only 1 death (auto accident) was 
not cardiovascular in nature. None of these fatal or 
nonfatal cardiovascular events were considered related 
to simvastatin therapy by the study investigators. 
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TABLE V Clinical Adverse Events Occurring in > 1% of the 
Elderly (> €5 years) and Nonelderly Populations Related to 
Simvastatir Therapy 


Nonelderly Patients 
(n = 2,012) 


Elderly Patients 
(n = 349) 
No. (%) 


Adverse Event No. (%) 


Constipation 
Dyspepsié 
Flatulence 
Insomnia 
Nausea 
Abdomina pain 
Headache 





Clinical and laboratory safety in the elderly: There 
were 349 (15%) elderly patients (265 years) in this 
cohort (131 men and 218 women, mean age 68 years). 
Of these patients, 142 (41%) received simvastatin ther- 
apy for a period of 21 year, 62 (18%) for =1.5 years 
and 17 (5%) for =2 years. 

The incidence of clinical and laboratory adverse 
events in the elderly (>65 years) was similar to that 
seen in the nonelderly population, suggesting that the 
elderly do ret experience an increased frequency of ad- 
verse experiences (Table V). The trend for a slightly 
higher incidence of insomnia in the elderly must be 
viewed in lizht of the increased prevalence of sleep dis- 
turbances associated with this age group.!4 

Efficacy: An analysis of long-term efficacy (2 years) 
in patients taking simvastatin (10 to 40 mg/day) re- 
vealed that the reductions in total cholesterol, LDL 
cholesterol and triglycerides and the elevation of high- 
density liposrotein (HDL) cholesterol observed initially 
were maintained with chronic administration. Over a 2- 
year period. mean decreases in total cholesterol ranged 
from 29 to 31%, LDL cholesterol from 37 to 40%, tri- 
glycerides from 14 to 16%, with HDL cholesterol rang- 
ing from I! to 14%. These data are summarized in 
Figure 2. 
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DISCUSSION 

The overall prevalence and type of adverse experi- 
ences observed in this long-term evaluation of simvasta- 
tin-treated patients has not changed since the initial 
controlled clinical trials.!* Clinical adverse events relat- 
ed to simvastatin are generally low in frequency, mild 
and gastrointestinal in nature, rarely requiring a discon- 
tinuation of therapy. The discontinuation rate for this 
population was extremely low considering that half of 
the patients included in these studies were treated for a 
period of >l year. Concomitant therapy with other 
major classes of medications (cardiovascular, anti- 
inflammatory, lipid-lowering and anticoagulants) also 
failed to suggest any increase in the incidence of ad- 
verse experiences independent of the medical conditions 
for which they were prescribed. 

The small number of patients having persistent ele- 
vations of serum transaminases has not been associated 
with any clinical syndrome and in most instances re- 
solved either spontaneously or with interruption or dis- 
continuation of therapy. Based on these data, the he- 
patic effects of simvastatin appear to be similar to those 
of lovastatin.! Monitoring of liver enzymes is therefore 
recommended. 

The incidence of myopathy was also low (0.08%) 
with no reports of myoglobinuria. Although myopathy 
has been reported with the use of other HMG-CoA 
reductase inhibitors!®!’ administered with and without 
fibrates, niacin and cyclosporine, the number of pa- 
tients taking simvastatin and these agents concomitant- 
ly was too small to make any clinical conclusions. Pa- 
tients who develop unexplained muscle pain or tender- 
ness associated with a marked elevation of creatine 
kinase should have therapy with HMG-CoA reductase 


inhibitors discontinued. Although, to date, reports of ~ 


clinical myopathy have been rare with simvastatin, cau- 
tion should be exercised when using cyclosporine, fi- 
brates or niacin concomitantly with simvastatin.'5 The 


FIGURE 2. Long-term lipid response to 
simvastatin 10 to 40 mg/day (mean 
change [%] over time). HDL = high-density 
lipoprotein; LDL = low-density lipoprotein. 


24 mo. 


=O= HDL Cholesterol 
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dose of simvastatin used with cyclosporine should prob- 
ably not exceed 10 mg/day. 

Ophthalmologic examinations in simvastatin-treated 
patients demonstrated only minimal increases in the 
prevalence of lens opacities, consistent with normal ag- 
ing. These data provide no evidence for an adverse ef- 
fect of simvastatin on the human lens. 

The data presented for the elderly subpopulation 
demonstrated a safety profile very similar to nonelderly 
persons. Simvastatin therapy is not associated with an 
increased risk of adverse events when administered to 
elderly patients. Despite a claim of sleep disturbance 
with simvastatin therapy,!® no patient in this large co- 
hort has required discontinuation of simvastatin be- 
cause of any sleep-related disturbance. 

Chronic administration of simvastatin is associated 
with persistent reduction in total cholesterol, LDL cho- 
lesterol and triglycerides and an increase in HDL cho- 
lesterol similar to that observed with initial administra- 
tion. 

In addition to these clinical studies, simvastatin has 
been administered to over 20,000 patients in compas- 
sionate use and postmarketing clinical studies, and to 
approximately 900,000 patients since marketing of the 
drug in 22 countries worldwide. The safety profile in 
this larger population continues to be consistent with 
the data from the population presented in this report 
and appears very similar to the safety profile of lovasta- 
tin. !? 
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Reduced Left Ventricular Cavitary Activity 
(“Black Hole Sign”) in Thallium-201 SPECT 








Perfusion Images of Anteroapical Transmural 
Myocardial Infarction 
A. Cahid Civelek, MD, Irfan Shafique, MD, Jeffrey A. Brinker, MD, Krzysztof Durski, PhD, 


James L. Weiss, MD, Jonathan M. Links, PhD, T.K. Natarajan, ScD, 
Mehmet A. Ozguven, MD, and Henry N. Wagner, Jr., MD 


Apparently reduced left ventricular (LV) cavitary 


thallium activity in both planar and tomographic 
perfusion images has been previously observed 
by these ard other investigators. With single- 
photon emission computerized tomography, we 
have clinically noted that this “black hole sign” 
was associted with an aneurysm in the setting 
of a transmural anterior or anteroapical perfu- 
sion defect. We have now prospectively studied 
the etiology and predictive value of this sign in 
84 consecutive patients with an anterior, antero- 
apical transmural perfusion defect. Of the 84 pa- 
tients, 49 had both LV aneurysm (confirmed by 
contrast ventriculography, echocardiography or 
gated blood pool studies) and a black hole sign. 
Only 1 patient with an aneurysm did not have 
the black hole sign, and 2 without aneurysm did. 
Thus, it is concluded that this sign is highly accu- 
rate in diagnosing LV aneurysm. Because thalli- 
um-201 single-photon emission computerized to- 
mography maging is often performed as one of 
the first diagnostic tests soon after myocardial 
infarction, this has important clinical manage- 
ment implications. 

(Am J Cardiol 1991;68:1132-—1137) 
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plications of what they termed “dense cavitary 
photopenia” observed in planar thallium-201 (TI- 
201) myocardial perfusion imaging. This finding, a re- 
gion of apparently reduced cavitary radioactivity, was 
present in approximately 10% of the 200 consecutive 
patients they studied. They attributed the effect to at- 
tenuation by overlying scarred myocardium, and noted 
that akinesia or dyskinesia of the relevant region was 
present in 15 of the 21 patients with this finding. ! 
We have noted a similar effect, which we have 
termed the “black hole sign,” in single-photon emission 
computed tomography (SPECT) thallium myocardial 
perfusion imaging.* This finding virtually always ap- 
peared in conjunction with a transmural perfusion de- 
fect. In addition, the sign appeared to have a high cor- 
relation with the presence of a left ventricular (LV) 
aneurysm.” Accordingly, we now present the results of 
a prospective study of the etiology of the finding, with 
particular emphasis on its association with aneurysm, 
and the predictive value, accuracy, sensitivity and speci- 
ficity of this black hole sign on Tl-201 SPECT studies 
in diagnosing LV aneurysm. 


I n 1985, Dae et al! described the etiology and im- 


METHODS 

Patient population: From January 1986 through 
July 1987, 644 patients underwent stress and delayed 
Tl-201 SPECT myocardial perfusion imaging as an 
evaluation of coronary artery disease. Of these 644 pa- 
tients, 222 had Q-wave myocardial infarctions >1 week 
old on electrocardiograms, 170 of these being anteri- 
or wall Q-wave myocardial infarction. Eighty-four of 
these 170 patients had LV anterior or anteroapical 
transmural perfusion defects on both stress and delayed 
thallium images. Because our clinical experience indi- 
cated that the black hole sign was most often associated 
with anterior or anteroapical perfusion defects, we 
chose to study these 84 patients (14 women and 70 
men aged 28 to 75 years [mean 60]). Patients with in- 
farcts <3 weeks old were not studied. Of the 84 pa- 
tients/ 80 had documentation of their most recent in- 
farct 13 + 12 (mean + standard deviation) weeks be- 
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fore the thallium study (range 3 to 104 weeks). There 
were 14 women and 70 men. All 84 patients had correl- 
ative imaging studies of LV wall motion within 2 days 
to 5.5 months of the Tl-201 studies with no intervening 
clinical event. These correlative studies included 
contrast ventriculography (n = 54), echocardiography 
(n = 59) and gated blood pool studies (n = 31). 
Single-photon emission computed tomographic 
thallium imaging: Patients fasted for =4 hours before 
the study, with the exception of medication, to reduce 
splanchnic uptake of thallium and the risk of aspiration 
during the stress test. All patients underwent graded 
treadmill exercise testing with a modified Bruce proto- 
col. Exercise was continued until the development of 
exhaustion, excessive shortness of breath, severe angina 
and significant ST-segment changes on the electrocar- 
diogram consistent with ischemia, serious arrhythmia 
or hypotension. Patients were continuously monitored 
by a 12-lead electrocardiogram before, during, and for 
5 minutes after the stress test. Blood pressure measure- 


ments were taken at each stage of exercise. At peak 
exercise, 3 mCi (111 MBq) of Tl-201 chloride was ad- 
ministered through a preestablished intravenous line, 
and exercise continued for an additional minute. 

SPECT imaging was started within 10 minutes af- 
ter thallium injection. Thirty |-minute projection im- 
ages over 180° (from 45° right anterior oblique to 225° 
left posterior oblique) were acquired in a 64 X 64 ma- 
trix, using a low-energy all-purpose collimator and 35 
X 35 cm field of view. During acquisition, the patient 
table was offset 5 to 10 cm to the right so that the axis 
of the camera’s rotation was closer to the left ventricle. 
This reduced the radius of rotation to an average of 18 
cm, compared with 25 cm for the more conventional 
centered table position. Delayed images were acquired 
in a similar fashion about 3 hours after the completion 
of the stress imaging.*-4 

SPECT images were reconstructed following our 
routine protocol, which includes uniformity correction 
with a 150 million count flood, center of rotation cor- 





FIGURE 1. A, mid—long-axis slice of a patient with a left ventricular (LV) aneurysm. There is a black hole adjacent to a large an- 
teroapical transmural defect within the left ventricular caiity. B, linear count profile through the LV cavity from the base toward 
the apex. The highest activity corresponds to the basilar intracavitary activity. The lowest activity represents the black hole re- 
gion (arrow). x axis = distance as pixel from base toward the apex; y axis = counts per pixel. C, circumferential profile of maxi- 
mal pixel values along each of 36 radii demonstrates markedly decreased activity within distal anterior (270° to 0°), apical re- 
gion (0°) and inferoapical (0° to 90°) walls of the left ventricle. (Note that the apparent constant value around the apex is a re- 
flection of the pixel value in the center of the ventricle, at the radii’s origination.) ANT = anterior wall; INF = inferior wall; x 


axis = angular location of the LV walls; y axis = counts per pixel. 
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rection and low-pass filtering, no attenuation correction 
and reconstruction into |-pixel thick (5.3 mm) transax- 
ial sections. Oblique angle reorientation and summation 
produced 2-pixel-thick long and 3-pixel-thick short-axis 
sections of the left ventricle. 

To quantify the distribution of thallium within the 
LV myocardium, circumferential profiles were generat- 
ed from each of the long- and short-axis sections by 
calculating line integrals of 36 equiangular radii out 
from the center of the left ventricle on each slice. The 
profiles were individually normalized to the maximal 
profile value, and compared with reference profiles 
from our normal database.*+ Additional washout pro- 
files (stress-delayed /stress) were also compared. Final- 


ly, straight-line count profiles through the midplane of 


the LV cavity were used on selected long-axis slices to 
quantify the degree of reduction of cavitary activity 
(Figure 1). 


Single-photon emission computed tomographic im- 
age interpretation: [he stress and delayed long- and 
short-axis images were evaluated for the presence of a 
transmural perfusion defect, regional ischemia, and the 
presence of a black hole within the LV cavity. A trans- 
mural perfusion defect was defined qualitatively as an 
area of the myocardium whose activity was reduced to 
background levels, present on both stress and delayed 
images, and quantitatively with circumferential profiles 
as being <35% of the maximal myocardial activity in 
that slice (Figures 2 and 3). On both stress and delayed 
images, the relative orientation of the anterior and infe- 
rior LV walls was classified in the long-axis sections as 
being convergent, parallel, or divergent toward the 
apex. A black hole was defined as a focal, oval area of 
little or no apparent activity within the LV cavity adja- 
cent to a transmural perfusion defect, present on both 
stress and delayed images (Figures | and 4). Short-axis 





FIGURE 2. A, mid—long-axis slice of a patient with an anteroapical transmural perfusion defect and no black hole. The contrast 
ventriculogram revealed no aneurysm. B, linear count profile through the left ventricular cavity from the base toward the apex. 
The highest activity corresponds to the basilar intracavitary activity. The intracavitary activity close to the apex is about 50% of 
the maximal cevitary activity. However there is no black hole. The progressively decreasing intracavitary activity toward the 
apex is most kely due to a poorer wall motion of the left ventricular (LV) walls in this region owing to the decreased, transmural 
myocardial perfusion defect. x axis = distance as pixel from the base toward the apex; y axis = counts per pixel. C, circumferen- 
tial profile of maximal pixel values along the radii of the long-axis slice from Figure 2A demonstrates the activity distribution 
throughout the left ventricular walls. The small plateau of the curve is caused by the transmural perfusion defect of the apical re- 
gion. The activity in the mid apical region, which is equal to or less than the intracavitary activity, has 35% of the maximal myo- 
cardial activity. The activity in the distal cavitary region is higher than the apical myocardial activity. ANT = anterior wall; INF = 
inferior wall; x axis = angular location of the left ventricular walls; y axis = counts per pixel. 
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sections from base to apex were used to evaluate LV 
cavity size. Ventricular cavity enlargement was defined 
as either an apparent enlargement relative to normal or 
progressive increase in cavity size from base to apex. 

The studies were read concurrently by 2 nuclear 
medicine physicians without previous knowledge of the 
patient’s clinical history, physical findings, laboratory 
data, gated blood pool studies, echocardiographic or 
cardiac catheterization results. Consensus agreement 
was reached in all cases by discussion. 

Wall motion abnormalities were assessed in a blind- 
ed fashion by contrast ventriculography, echocardiogra- 
phy and gated blood pool studies, with particular atten- 
tion to areas of dyskinesia. LV aneurysm was defined 
as a dyskinetic segment of LV myocardium during sys- 
tole, with relatively well-defined edges and a diastolic 
bulge. 


RESULTS 

All 84 of 170 patients with anterior Q-wave myo- 
cardial infarctions on the electrocardiogram had trans- 
mural perfusion defects involving anterior or anteroapi- 
cal regions, or both, of the left ventricle on both stress 
and delayed SPECT thallium images, since this was a 
prerequisite for selection (see Methods). Fifty-one of 
these (61%) had a black hole within the LV cavity, 
adjacent to the transmural perfusion defect. Of these 


DELAYED 





FIGURE 3. Eight consecutive long-axis slices displayed from 
septum (1) to lateral wall (8) of the left ventricle from a patient 
with myocardial infarction and an apical transmural perfusion 
defect. Upper 2 rows are stress and lower 2 rows delayed 
images. The activity within the cavity is equal to the nonmyo- 
cardial activity. There is no black hole sign. The 
anterior (ANT) and inferior (INF) walls of the left ventricle are 
parallel to each other, as opposed to converging toward the 
apex (AP), as seen in normal subjects. On the contrast ventric- 
ulogram the patient did not have a left ventricular aneurysm. 
TL-201 SPECT = thallium-201 single-photon emission com- 
puted tomography. 





51 patients, 49 (96%) had a corresponding area of dys- 
kinesia, classified as an aneurysm, on contrast ventric- 
ulography (n = 33), echocardiography (n = 37) or gat- 
ed blood pool studies (n = 14). Of the 49 patients with 
LV aneurysm and a black hole adjacent to a trans- 
mural perfusion defect, 10 (20%) had converging, 13 
(27%) had parallel and 26 (53%) had a diverging ori- 
entation of the LV walls toward the apex. 

Of the 10 patients who had converging LV myocar- 
dial walls, 9 had moderate and | had mild to moderate 
cavity enlargement. Of the 13 patients who had parallel 
LV myocardial walls, 6 had severe, 5 had mild to mod- 
erate and 2 had no LV enlargement. All 26 patients 
who had diverging LV walls had severe LV enlarge- 
ment, with progressive increase in cavity size toward 
the apex on short-axis sections. 

Two of the 51 patients with a black hole sign did 
not have LV aneurysm on either contrast ventriculog- 
raphy (n= 2) or echocardiography (n = 2). Within 
this group, | patient had a parallel and the other a 
converging orientation of the LV walls toward the apex. 
Neither had markedly increased LV cavity size. 

Thirty-three patients with transmural perfusion de- 
fects had no black hole within the LV cavity (Figures 2 
and 3). Of these 33 patients with transmural perfusion 
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FIGURE 4. Eight consecutive long-axis slices of stress (upper 
2 rows) and delayed (lower 2 rows) thallium-201 single-pho- 
ton emission computed tomography (TL-201 SPECT) images 
of a patient with a left ventricular (LV) aneurysm. Slices are 
displayed from septum (1) to the lateral wall (8). The LV cavi- 
ty is enlarged. The black hole seen as an oval inactive area 
within the LV cavity and adjacent to the apical transmural 
perfusion defect is noticable because of the activity present 
within the remaining part of the LV cavity (slices 4 to 6). Nor- 
mal intracavitary activity is seen in the slices close to the sep- 
tum (slices 1 to 3). The anterior (ANT) and inferior (INF) walls 
of the left ventricle are diverging from each other as opposed 
to converging toward the apex (AP), as seen in normal sub- 
jects. 
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TABLE | Dēgnosis of Left Ventricular Aneurysm Using Criteria 
of “Black Hele” and Transmural Perfusion Defect 


98% (49/50) 
94% (32/34) 
96% (81/84) 
96% (49/51) 


Sersitivity 
Specificity 
Accuracy 
Prejictive value 





defects, on y 1 had LV aneurysm, which was a small 
apical anevrysm on contrast ventriculography. This pa- 
tient had a moderately enlarged LV cavity with promi- 
nent and transient increased tracer uptake in the lungs 
in response to exercise. The remainder of the 32 pa- 
tients with anterior or anteroapical transmural perfu- 
sion defect did not have LV aneurysms based on 
contrast ventriculography (n = 14), echocardiography 
(n = 21) and gated blood pool studies (n = 17). Of 
these 32 patients, 14 had converging, 15 had parallel 
and 3 had (mildly) diverging walls toward the apex. 
Seventeen 2atients had mild to moderately enlarged, 
and 15 hac normal, LV cavity size. 

Table I summarizes the sensitivity (98%), specificity 
(94%), accuracy (96%) and predictive value (96%) of 
Tl-201 SPECT studies for the diagnosis of LV aneu- 
rysm using the criteria of black hole in patients with 
anterior, amteroapical transmural perfusion defects. 


DISCUSSION 

Areas of reduced cavity activity have been clinically 
observed in both planar and SPECT thallium myocar- 
dial perfusien imaging.' In our experience, this finding 
virtually always appeared in conjunction with a trans- 
mural perfusion defect, and seemed to have a high cor- 


relation with the presence of LV aneurysm.? In this 
study, we have prospectively examined the association 
of this black hole sign in the presence of a transmural 


anterior or anteroapical perfusion defect and with LV À 


aneurysm. We found a high degree of correlation in 
that 98% of the patients studied who had an aneurysm 
versus only 4% of patients without an aneurysm had 
the black hole sign (Table I). Our results suggest that 
an unsuspected LV aneurysm or dyskinesia, in the pres- 
ence of a transmural perfusion defect, can be diagnosed 
on Tl-201 SPECT myocardial perfusion studies. These 
studies, which are frequently performed on a routine 
basis in patients soon after myocardial infarction, may 
alter the patient’s medical management and prognosis. 

There are several potential underlying physical 
mechanisms responsible for the black hole sign. Dae et 
al' using planar imaging, ascribed the finding to atten- 
uation of cavity activity by overlying scarred myocardi- 
um, which itself contained significantly less activity 
than is normally found. In the case of SPECT imaging, 
attenuation effects, while present, do not manifest in a 
similar fashion. Thus, an alternative explanation is re- 
quired. 

Normally, the level of activity actually in the blood 
pool is <1% of the injected dose. The amount of activi- 
ty typically seen in the cavity in SPECT thallium imag- 
ing is thus most likely due to activity actually in the 
myocardium, which is smeared into the (apparent) cav- 
ity because of the nongated nature of the acquisition 
(Figure 5). In heart phantom studies we have per- 
formed, intracavitary activity as high as 35% of the 
maximal myocardial wall activity was observed. In the 





FIGURE 5. A long-axis slice of a patient without either transmural perfusion defect or black hole sign. In the normally contract- 
ing ventricle, ntracavitary activity becomes apparent due to smaller cavity size during systole. B, linear count profile through the 
midplane of the left ventricular (LV) cavity, from the base toward the apex, demonstrates about 35% of the maximal myocardial 
activity preseat within the LV cavity. The basilar intracavitary activity is 42% of the apical myocardial activity. In the center of 
the heart, inteacavitary activity is 58% of the apical myocardial activity. x axis = angular location of the LV walls; y axis = 


counts per pixel. 
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presence of reduced wall motion, one would expect less 
of this smearing or blurring, yielding a cavity that 
would appear to have less activity. This effect would be 
further enhanced in the setting of ventricular enlarge- 
ment, because the myocardial walls (which contain the 
activity) would not “move as far into” the cavity re- 
gion. We believe the production of a black hole sign is 
particularly associated with dyskinetic wall motion be- 
cause the walls are actually moving farther apart dur- 
ing systole, further reducing any blurring effects. The 
appearance of a black hole is further exaggerated by 
comparison with those parts of the cavity farther from 
the aneurysm, adjacent to the black hole, because the 
myocardium in this more normal area typically con- 
tracts vigorously in comparison, thus smearing activity 
into this distal cavity area. 

Although the patients in our present study were not 
specifically evaluated with respect to the presence of a 
thrombus, only 5 of 26 patients with an aneurysm and 
diverging LV walls had a thrombus within the LV cavi- 
ty, confirmed by echocardiography, contrast ventric- 
ulography or autopsy. Because the black hole on T1-201 
SPECT images is the result of the dyskinetic wall mo- 
tion of poorly perfused myocardium in a dilated left 
ventricle, we do not believe that thrombi are a signifi- 
cant factor in the etiology of the black hole sign, al- 
though they may be a secondary source. 

Anterior transmural myocardial infarction is often 
complicated by the formation of an aneurysm that ef- 
fects the prognosis.*6 A chest x-ray may show a char- 
acteristic bulge of the silhouette of the left ventricle or, 
in some cases, calcification of the aneurysm. More than 
half of all aneurysms are hidden by the cardiac silhou- 
ette, and may not be detected even with fluoroscopy.® 
Radionuclide gated blood pool studies and cross-sec- 
tional echocardiograms permit visualization of mural 
thrombi in ventricular aneurysms and have an excellent 
correlation with angiography.”?-'4 They also allow an 
estimation of the amount of residual normally function- 
ing myocardium, expressed as the ejection fraction. !? 
Along with cross-sectional echocardiography, contrast 
ventriculography remains the most definitive test for 
ventricular aneurysm, but this latter test is often not 
performed immediately after myocardial infarction. Al- 
though cross-sectional echocardiography is more readi- 
ly available at the bedside and often is performed early 
after myocardial infarction to identify infarct expan- 


sion, this test may not be performed in some patients, 
or it may be technically limited for proper diagnosis (10 
to 20% of cases). In practice, SPECT thallium imaging 
may be one of the earliest diagnostic tests performed. 
In our series, 13 of the 49 patients with aneurysm and a 
black hole sign (27%) underwent Tl-201 SPECT stud- 
ies before contrast ventriculography. 

Study limitations: In our study, we analyzed the 
predictive value of a black hole for the diagnosis of LV 
aneurysm in a selected group of patients, i.e., those with 
an anterior or anteroapical transmural perfusion defect, 
or both. However, this finding may not extend to trans- 
mural perfusion defects at other sites. 
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Time Course and Interrelation of Reperfusion- 
Induced ST Changes and Ventricular 
Arrhythmias in Acute Myocardial Infarction 
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With the increasing use of thrombolytic therapy, 
the presence and time course of reperfusion-in- 
duced ventricular arrhythmias and ST-segment 
changes have become of particular interest. 
Technical improvements in bipolar Holter moni- 
toring offer the opportunity to record both pa- 
rameters continuously and simultaneously. Time 
course and interaction of both parameters in de- 
pendence cn the onset of thrombolysis and time 
of reperfusion were investigated in 30 patients 
with acute myocardial infarction. Reperfusion 
was achieved in 20 patients after 49 + 23 min- 
utes and in another 2 patients after 120 minutes 
(73%, group A). Vascular occlusion persisted in 
8 patients for >24 hours (group B). Sudden ST- 
segment changes (>0.2 mV/15 min) in the bipo- 
lar leads indicated reperfusion in 7 of 22 pa- 
tients (32%). Idioventricular rhythms, most fre- 
quent in reperfused patients (group A: 18 of 22 
patients, mean 121 beats/hour), were unspecific 
reperfusion markers (group B: 5 of 8 patients, 1 
beat/hour) unless frequent (p <0.05) or longer 
lasting, repetitive (p <0.01) episodes were con- 
sidered. Premature ventricular beats and cou- 
plets (p <0.05) were also most frequent in group 
A (peak frequency 3 to 5 hours after thromboly- 
sis). Ventricular tachycardia observed in 21 of 
22 patients (95%) in group A and in 3 of 8 
(38%) in group B (p <0.01) attained their peak 
frequency 7 to 9 hours after thrombolysis. They 
occurred most often in anterior myocardial in- 
farction and were often preceded by frequent 
singular premature beats (r = 0.78). In summa- 
ry, (1) sudden ST-segment changes in the bipo- 
lar leads rarely but reliably predict the time of 
reperfusion, (2) ventricular tachycardias are 
most likely late after thrombolysis and thus 
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make prolonged corresponding supervision ad- 
visable, and (3) the frequency rather than the 
type of ventricular arrhythmia is useful to nonin- 
vasively predict coronary reperfusion. 

py in the prehospital phase of acute myo- 


(Am J Cardiol 1991;68:1138-1142) 
cardial infarction,':* reperfusion-induced ar- 


rhythmias have become of particular interest.34 This 
study examines both the predictive impact of certain 
types of ventricular arrhythmias for coronary reperfu- 
sion and the occurrence of tachyarrhythmic complica- 
tions.^!! Reperfusion-induced arrhythmias usually 
occur immediately after vascular reopening as a 
consequence of acute cellular!*-!> and metabolic!®!7 
changes, and of the resulting regional electrophysiologic 
changes.'* Extracardial influences such as ischemia-in- 
duced catecholamine release!> and electrolyte imbal- 
ance!? may act as arrhythmogenic cofactors.2° 

In patients undergoing thrombolytic therapy, slow 
“accelerated, idioventricular rhythm’’>~!®2! is the most 
frequent ventricular arrhythmia. Single or repetitive 
ventricular premature beats are less frequent, but re- 
quire treatment in about 30% of patients.?:!!2! How- 
ever, most of the present data were obtained using spo- 
radic or short-term electrocardiograms,’~*:!! or were 
limited by the use of lidocaine.*?! In a very recent 
study using Holter monitoring, reperfusion arrhythmias 
occurred in 33 to 89% of patients.!° Newer Holter de- 
vices provide the opportunity for simultaneous ST-seg- 
ment evaluation,’? but have not yet been applied to pa- 
tients with acute myocardial infarction. In a prospective 
study, 30 patients undergoing thrombolytic therapy and 
repeated coronary angiography after acute myocardial 
infarction were examined for type, severity, temporal 
course and relation of reperfusion-induced ventricular 
arrhythmia and ST-segment changes. 


ith the increasing use of thrombolytic thera- 





METHODS 

Patients: Thirty patients (24 men and 6 women, 
aged 40 to 72 years, mean 56.7 + 6) with acute myo- 
cardial infarction (symptoms lasting <6 hours) were 
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included in this study between February 1988 and Jan- 
uary 1990. Acute myocardial infarction was diagnosed 
by the presence of typical chest pain lasting >45 min- 
utes, together with ST elevation >0.1 mV in 22 ex- 
~ tremity leads or >0.2 mV in 22 chest leads. In all 
consenting patients with acute myocardial infarction 
and without contraindications for thrombolytic therapy, 
24 hour Holter recording was initiated immediately af- 
ter admission. Coronary angiography was performed in 
all patients within 60 minutes after admission. Patients 
with spontaneous reperfusion at that time were exclud- 
ed from the study. 

The occluded vessels were the Ramus interventricu- 
laris anterior in 14 patients, the Ramus circumflexus in 
4 and the right coronary artery in 12. Thrombolytic 
therapy was administered intravenously using therapeu- 
tic doses of pro-urokinase, recombinant tissue plasmino- 
gen activator or acylated streptokinase-plasminogen ac- 
tivator in combination with heparin (bolus: 10,000 U, 
1,250 U/24 hours). Thrombolytic therapy was begun 
in all patients <4 hours after onset of chest pain (mean 


ST elevation (mV) 


ventricular 
ken line) and 
ventricular rhythm (AIVR) (>3 repetitive 
ventricular beats with a rate 60 to 120 
beats/min) (dotted line). Top shows 22 
patients with successful reperfusion. Bot- 
tom shows 8 patients without reperfusion. 


ST elevation (mV) 


time interval 3.2 + 0.6). The time of reopening of the 
infarct vessel (Thrombolysis in Myocardial Infarction 
grades II and III)? was determined using angiographic 
controls at 15-minute intervals during the first 120 
minutes. In addition, coronary angiography was per- 
formed 24 hours after thrombolysis. Patients with re- 
perfusion within 24 hours were assigned to group A 
and patients without reperfusion formed group B. Pa- 
tients were not treated with 8 blockers or antiarrhyth- 
mic agents, except in the case of ventricular fibrillation. 
Electrocardiographic assessment: All arrhythmias 
found by Holter electrocardiographic recording were 
characterized, and time of onset, duration and rate 
were determined, without knowledge of the angio- 
graphic findings. Recordings were performed using 2 
bipolar leads; simultaneous analysis was performed 
with the Cardiodata MK4 system. In all patients, elec- 
trodes were positioned to optimize examination of ST- 
segment changes in the surface electrocardiogram. 
Holter recordings were analyzed semiautomatically, 
and episodes of repetitive and bradycardiac arrhyth- 
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mias were documented, with special regard to: (1) bra- 
dycardiac arrhythmias with a rate of <40 beats/min 
and asystolic episodes lasting >3 seconds; and (2) “ac- 
celerated idioventricular rhythms” (>3 repetitive beats 
with a rate between 60 and 120 beats/min), ventricular 
premature beats, and nonsustained ventricular tachy- 
cardia (rate >120 beats/min) defined as >3 QRS 
complexes asting <30 seconds. 

ST segment was continuously analyzed, and ST- 
segment changes were considered to be significant 
when >0.1 mV and lasting >30 seconds (minimal time 
between 2 episodes: 3 minutes). Measurements were 
obtained for the isoelectric section of the PQ interval, 
the J point and a third point that was coupled 60 ms 
later. To determine the time of reperfusion, ST changes 
>0.2 mV within 15 minutes after the invasive diagnosis 
of reperfusfon were examined. 

Statistical criteria: Values are mean + standard de- 
viation. Diferences in the frequency and time course of 
ventricular arrhythmias, and ST-segment changes be- 
tween both groups were compared using Student’s un- 
paired ¢ test for parametric data, and the x? evaluation 
for proportional data. Statistical significance level was p 
<0.05. 


RESULTS 

Thrombelytic therapy established coronary reperfu- 
sion in 20 of 30 patients within 120 minutes (mean 49 
+ 23) and in 2 additional patients within 24 hours 
(group A). vascular occlusion persisted during the first 
24 hours in 8 patients (group B). 

Time course of ST-segment changes with thrombo- 
lytic therapy: The extent and time course of ST-seg- 
ment regression early after thrombolytic therapy are 
shown in Fizure 1. Compared with surface electrocar- 
diography, tipolar assessment of the maximal extent of 
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FIGURE 2. Overall frequency of ventricular premature beats 
(VPB)/30 min (solid circles), ventricular couplets (VC)/30 min 
(open circles) and ventricular episodes /30 


(VT) 
min (open squares) in the first 10 hours after beginning of 
thrombolytic therapy. 





ST-segment elevation depended on the occluded vessel 
(89%, left descending artery; 59%, left circumflex ar- 
tery [p <0.05]; 43%, right coronary artery [p <0.01)). 
After thrombolysis, ST-segment elevation decreased 
from 0.30 + 0.06 to 0.09 + 0.04 mV (66%, left de- 
scending artery), from 0.1 + 0.03 to 0.07 + 0.02 mV 
(33%, left circumflex artery) and from 0.07 + 0.02 to 
0.03 + 0.02 mV (50%, right coronary artery). 

Sudden ST-segment changes >0.2 mV/15 min (7 
of 22 patients, 32%), as well as ST-segment changes of 
0.1 to 0.2 mV (4 patients, 18%), occurred only in group 
A. 

Ventricular arrhythmias in the early and late reper- 
fusion phases: Episodes of accelerated idioventricular 
rhythms occurred in 23 of 30 patients (77%), being 
most frequent in group A (18 of 22 patients, mean 
prevalence 121 + 472/hour; group B, 5 of 8 patients, 
mean prevalence in surviving patients | + 4/hour; p 
<0.05) and attaining their peak frequency 3 hours after 
onset of thrombolysis (Figure 1). Peak frequency oc- 
curred parallel to ST-segment regression (Figure 1). In 
8 of 18 patients in group A, idioventricular rhythms 
showed a close temporal relation to vascular reopening. 
However, overall specificity was low (37%), but im- 
proved when duration and frequency of episodes were 
taken into consideration. Episodes occurring during 3 
consecutive hours (12 of 22 patients, 55%, p <0.01) 
and >30 episodes/hour (11 of 22 patients, 50%, p 
<0.05) were only observed in reperfused patients 
(group A). Frequency of idioventricular rhythms was 
not related to any clinical variable, including maximal 
creatinine phosphokinase, ST-segment changes, and 
type or number of diseased vessels. 

Ventricular premature beats: Ventricular prema- 
ture beats occurred in all patients in group A, with a 
slight peak 2 to 4 hours after thrombolysis or 127 + 29 
minutes after reperfusion, and a subsequent decrease 
during the next 20 hours (Figure 2). Overall, frequency 
was 58 + 86 beats/hour in group A and 10 + 27 in 
group B (p <0.05). In group A, 11 of 22 patients 
(50%) had >30 ventricular premature beats/hour. In 
group B, only the 2 patients who died had >30 ventric- 
ular premature beats/hour. 

Ventricular pairs: Ventricular pairs occurred in all 
reperfused patients, attaining their maximum 4 to 5 
hours after thrombolytic therapy (Figure 2). The num- 
ber of episodes per patient was 3.4 + 2.6/hour in group 
A and 0.4 + 0.3 in group B (p <0.05). More than 10 
episodes were observed only in patients in group A (8 of 
22, 36%, p = not significant). The frequency of ventric- 
ular pairs correlated slightly with the prevalence of sin- 
gular ventricular premature beats (r = 0.69), but not 
with any other clinical variable. 

Ventricular tachycardia: Ventricular tachycardia 
was observed in 21 of 22 (95%) reperfused patients in 
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group A and in 3 of 8 (38%) patients in group B (p 
<0.01), attaining their maximum 7 to 9 hours after the 
beginning of thrombolysis (Figure 2). In 5 of 21 pa- 
tients (23%), the longest tachycardia episode occurred 
after 10 hours. The total number of tachycardia epi- 
sodes was >6 times higher in group A. In reperfused 
patients, ventricular tachycardias were often preceded 
by an increasing frequency of singular ventricular pre- 
mature beats (r = 0.78, Figure 3). Of the clinical vari- 
ables, only the occluded vessel was of significance. In 
the case of left descending artery occlusion, tachycardia 
episodes lasted longer (7 of 13 patients with ventricular 
tachycardia episodes of >10 beats). In patients with 
occluded left descending or right coronary artery, only 
2 of 11 had long tachycardia episodes (p <0.05). Ven- 
tricular fibrillation occurred in 3 patients only in group 
B and was refractory to therapy in 2 of these. No sus- 
tained ventricular tachycardia was observed. 

Bradycardia at the time of reperfusion: In all, 5 of 
22 patients (23%) exclusively in group A had signifi- 
cant bradycardia <40 beats/min. Bradycardiac epi- 
sodes occurred only after reperfusion and were not pre- 
dictable by any clinical variable. 


DISCUSSION 

In patients undergoing thrombolytic therapy for 
acute myocardial infarction, ventricular arrhythmias 
such as accelerated idioventricular rhythms or single 
and repetitive ventricular premature beats occur fre- 
quently.>-!! However, most recent studies that have ad- 
dressed the frequency, type or time course of ventricu- 
lar arrhythmias after thrombolytic therapy have been 
limited by the preventive administration of lidocaine,>*! 
by an only sporadic recording of the electrocardio- 
gram,’-%!! by providing data on the type rather than 
on the prevalence of ventricular arrhythmias,”~:'! or by 
considering short observation periods.*-”'! As a conse- 


FIGURE 3. Frequency of ventricular 
tachycardia (VT) episodes and ventricular 
premature beats (VPB) within the first 10 
hours after the beginning of thrombolytic 
therapy (logarithmic display). 
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quence of these limitations, ventricular arrhythmias at- 
tain their maximal frequency and severity very early®* 
or immediately after reperfusion,?> or <30,*° or 50 to 
80 minutes,? or 3.5 to 5.6 hours*’?® after the onset of 
thrombolysis. 

This study investigated prevalence, time course and 
interrelation of continuously assessed bipolar ST-seg- 
ment elevation and of ventricular arrhythmias com- 
pared with the invasively measured time of reperfusion. 
All types of ventricular arrhythmias occurred more fre- 
quently in reperfused patients and, except for ventricu- 
lar tachycardia, attained their peak frequencies during 
the first 2 to 5 hours after thrombolysis. However, ven- 
tricular arrhythmias, per se, were unspecific for the 
time of reperfusion. At best, idioventricular rhythms 
showed a close temporal relation to reperfusion in 34% 
of patients. Specificity improved markedly without a 
decrease in sensitivity when idioventricular rhythms oc- 
curred frequently (>30 episodes/hour) or were ob- 
served for >3 consecutive hours. 

Prevalence and time course of repetitive ventricular 
arrhythmias after thrombolysis: In previous studies, 
the prevalence of repetitive ventricular arrhythmias 
varied markedly.’-!! During the first 24 hours after 
thrombolysis, 95% of our reperfused patients had epi- 
sodes of ventricular tachycardia. Ventricular tachycar- 
dias were not related to the time of reperfusion and 
attained their peak frequencies 8 to 9 hours after 
thrombolysis. In one-third of our patients, the longest 
tachycardia episode even occurred after >10 hours. 
This late peak frequency has been underestimated 
when shorter observation periods were used,’~*:!!.2527,28 
but is of particular clinical interest when patients should 
be monitored beyond the initial phase of acute myocar- 
dial infarction. There is some evidence from our study 
that ventricular tachycardias are frequently preceded 
by an increase of singular ventricular premature beats. 


y = 0.91x - 1.68 
r = 0.78 


Incidence of VPB 
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In addition. although we were unsuccessful in showing 
a positive correlation with infarction size,!° duration of 
tachycardia episodes was found to be longest in patients 
with anterer myocardial infarction. We conclude that 
prolonged 2orresponding supervision is advisable, espe- 
cially in patients with frequent singular ventricular ar- 
rhythmias and in the presence of anterior myocardial 
infarction. 

Similar to other studies, we observed a 10% inci- 
dence of ventricular fibrillation?’ and a 23% incidence 
of severe bradycardia.!° Both occurred most often in 
nonreperfused patients, but we were unsuccessful in 
proving a correlation with the duration of myocardial 
ischemia or other clinical variables.56-29 

Assessment, time course and interrelation of bipo- 
lar ST elevation and ventricular arrhythmias: The ad- 
vanced teckmique of Holter monitoring permits simulta- 
neous and continuous recording of the ST-segment 
course.”* However, reliable recording of maximal ST 
changes us mg bipolar leads seems to be restricted to 
patients with anterior myocardial infarction. In posteri- 
or myocardial infarction, maximal ST elevation in the 
surface electrocardiogram can only be reproduced on a 
40 to 60% ‘vel in the bipolar leads, even with optimal 
electrode pesitioning. 

Using the standard electrocardiogram, the time 
course of ST elevation is considered to be a good nonin- 
vasive pred ctor for reperfusion.2° During bipolar re- 
cording, sucden changes in the ST segment were found 
to be specif ¢ for the time of reperfusion, but occurred 
in only one-third of reperfused patients. Because of the 
relatively low incidence of abrupt ST-segment changes 
and the late onset of malignant arrhythmias after 
thrombolytic therapy, there is no evidence that the 2 
parameters predict each other. 
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To investigate the quantitative relations between 


the severity of regional wall motion abnormali- 
ties and segmental infarct size and between the 
severity of overall left ventricular dysfunction 
and global infarct size, a clinicopathologic study 
was undertaken of 30 patients who had a 2-di- 
mensional (2-D) echocardiogram within 7 days 
before death. The severity of regional wall mo- 
tion abnormalities was graded for each segment 
with a 2-D echocardiographic 14-segment mod- 
el. The severity of global left ventricular dysfunc- 
tion was calculated as the mean of the visualized 
regional wall motion scores. On pathologic ex- 
amination of autopsy specimens, segmental in- 
farct size was estimated as a percentage of the 
segmental cross-sectional area. The global in- 
farct size was expressed as a percentage of the 
total left ventricular mass. At the segmental lev- 
el, regional wall motion score was positively cor- 
related (r = 0.53) with the segmental infarct size. 
The sensitivity and specificity of detecting in- 
farcted segments by abnormal wall motion 
scores were 81 and 71%, respectively. All dys- 
kinetic segments revealed infarct size of >10%. 
The wall motion score index was positively cor- 
related (r = 0.52) with the global infarct size. 
The mean global infarct size was 7% for the 8 
patients with a wall motion score index of <2, 
which was significantly lower than the mean of 
27% for the 22 patients with a wall motion 
score index of 22 (p <0.001). A 2-D echocardio- 
gram is sensitive and specific in detecting in- 
farcted segments and can be useful in quantitat- 
ing myocardial damage after myocardial infarc- 
tion. 

(Am J Cardiol 1991;68:1143-1149) 
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phy in the assessment of ischemic heart disease 

is well established. Not only does 2-D echocar- 
diography allow direct and adequate visualization of re- 
gional wall motion abnormalities in real time during 
chronic! and acute? phases of coronary insufficiency, 
but it also allows accurate localization of areas of 
infarction, as predicted by electrocardiography,*>*"!° 
current radionuclide imaging techniques,”~!* ventricular 
angiography!! and pathology.*:!? In addition, the wall 
motion score index determined by 2-D echocardiogra- 
phy, an index of left ventricular function, has been 
shown to be a good predictor of in-hospital*® prognosis 
and prognosis after dismissal.*:!4:!> 

In contrast, the use of 2-D echocardiography in pre- 
dicting infarct size has not been acknowledged enthusi- 
astically for the following 2 reasons: (1) conflicting re- 
sults in published reports regarding the accuracy of pre- 
dicting infarct size, and (2) few quantitative studies in 
humans that directly compare echocardiographic find- 
ings to pathologically determined infarct size. At the 
regional level, the extent and severity of abnormal re- 
gional wall motion often overestimated infarct size be- 
cause asynergy can occur outside of the infarct zone in 
human?->? and animal!®-4 studies. Direct comparison 
at the global level has not been reported. 

The present study was undertaken to assess the ac- 
curacy of 2-D echocardiography in determining region- 
al and global infarct size compared with postmortem 
pathology. We have specifically addressed the following 
2 questions: (1) Is there a quantitative relation between 
the degree of regional wall motion abnormalities and 
regional infarct size? (2) Can the wall motion score 
index predict global infarct size? 


T he role of 2-dimensional (2-D) echocardiogra- 


METHODS 

Patient selection: Records of all patients with a his- 
tory of ischemic heart disease who died and had post- 
mortem examination at our institution between Janu- 
ary 1982 and December 1985 were reviewed. Among 
these, the study group included patients who met the 
following criteria: (1) at least 1 myocardial infarction, 
by history, before death; (2) no history of appreciable 
valvular heart disease, hypertrophic cardiomyopathy, 
idiopathic dilated cardiomyopathy, myocarditis or in- 
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traventricular conduction defect (left bundle-branch 
block), all cf which can cause regional wall motion ab- 
normalities without myocardial necrosis; (3) 2-D echo- 
cardiographic examination within 7 days of death; (4) 
visualization of =85% of the left ventricle (i.e., >12 
segments in a 14-segment model); (5) no clinical evi- 
dence for new myocardial ischemia or infarction during 
the interval between 2-D echocardiographic examina- 
tion and dezth; and (6) availability and adequate condi- 
tion of postmortem hearts for pathologic and histologic 
examinatior. 

Thirty patients (20 men and 10 women, aged 48 to 
88 years [mean 73 + 9.4]) who fulfilled these criteria 
formed the study group. 

Echocardiography: All 2-D echocardiographic 
examinations were performed with wide-angle sector 
scanners with 2.5 or 3.5 MHz transducers. The images 
were recorded in real time on Sony 2800 34-inch video- 
cassette recerders. 

The 14-segment model as proposed by Edwards et 
al?> was used in the present study (Figure 1). Along the 
standard 2-D echocardiographic long-axis views, the 
left ventricle was divided into 3 levels: basal, mid and 
apical. Along the short-axis views, basal and midlevels 
were dividec into 5 segments: anterior and inferior sep- 
tum and anterior, lateral, and inferior wall. At the api- 


LONG-AXIS VIEW 
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cal level, the septum was not further divided. Each seg- 
ment was visualized at least once during a routine 2-D 
echocardiographic examination. 

The severity of regional wall motion abnormalities 
was graded by a score for each segment: | = normal, 
2 = hypokinesia, 3 = akinesia, and 4 = dyskinesia. The 
wall motion score index was calculated as the mean of 
visualized regional wall motion scores. Thus a normal 
left ventricle would have a wall motion score index of 1. 
Theoretically, the maximal wall motion score index 
could be 4 if all segments were dyskinetic. 

Each 2-D echocardiographic study was reviewed in- 
dependently by 2 observers without knowledge of the 
pathologic findings. A regional wall motion score was 
assigned to each segment, and a wall motion score in- 
dex was calculated for each patient. Discrepancies oc- 
curred in 29 of the total 420 segments (7%). When 
interobserver discrepancy was analyzed according to 
the segmental model, most variability occurred along 
the inferior septum at the apical level. When a discrep- 
ancy occurred, a third observer reviewed the recorded 
study, again using a blind method, and a final consen- 
sus was reached. 

Pathologic determination of infarct size: Each heart 
was examined by a pathologist for gross abnormalities. 
The left ventricle was carefully dissected from the heart 


SHORT-AXIS VIEW 


FIGURE 1. Parasternal short- and long-axis 
views according to 2-dimensional echocardi- 


at least once from the standard windows. 
Dash lines on the short-axis view indicate 
planes of section for long-axis view through 
(a) inferior wall or (b) lateral wall of left ven- 
tricle. Ant = anterior; Ao = aorta; Inf = infe- 
rior; L = left; LA = left atrium; LVOT = left 
ventricular outflow tract; MVO = mitral valve 
orifice; Post = posterior; R = right; RV = right 
ventricle; Sup = superior. (Reprinted by per- 
mission of the Mayo Foundation.2°) 
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and was sliced into 14 segments according to the 2-D 
echocardiographic model. Several anatomic landmarks 
determined the segmental boundaries, as previously 
published.?° 

Infarct size was determined histologically. Trans- 
mural sections from each of the 14 anatomic segments 
were processed for light microscopy and stained with 
hematoxylin and eosin and with Masson’s trichrome. 
The age of infarction was determined from sections 
stained with hematoxylin and eosin and the extent of 
fibrosis was assessed from sections stained with tri- 
chrome. 

Segmental infarct size was expressed as a percent- 
age of the segmental cross-sectional area (Figure 2A), 
as determined by consensus of 2 observers without 
knowledge of the 2-D echocardiographic reports. Old 
and recent areas of infarction were distinguished histo- 
logically by the 2 staining techniques (Figure 2B). The 
global infarct size was presented as a percentage of 
left ventricular mass. The segmental infarct size was 
weighted by the percent contribution of the given seg- 
ment to the total left ventricular mass in normal adult 
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FIGURE 2. A, low-power view of the edge of an infarct. The new infarcted zone (right) stains deeply purple, which can be easily 


hearts previously established in our laboratory.*° For 
example, a 50% infarction in segment no. | (anterobas- 
al septum) would be equivalent to 4.5% (9 X 50%) of 
total left ventricular mass when weighted by its percent 
contribution. The global infarct size was calculated by 
taking the sum of the weighted segmental infarct sizes. 
To minimize the possibility of missing an infarcted area 
in a given segment, 2 transmural sections at equal dis- 
tance from the upper and lower borders of each seg- 
ment were obtained for staining. 

Statistical methods: Statistical comparisons between 
patient groups were based on 2-tailed, 2-sample f tests. 
The relations of regional wall motion score with seg- 
mental infarct size and wall motion score index with 
global infarct size were assessed with Pearson correla- 
tion measures and standard linear regression tech- 
niques. In the segmental analysis, each segment wheth- 
er from the same patient or different patients was con- 
sidered as an independent observation. Nonparametric 
analysis was also performed owing to the skewness of 
the infarct size measures. No conclusions were affected 
when assessed with the alternative method. All tests 
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distinguished from the viable myocardium on the left. The small blue-stained areas are old infarcts and fibrous scars. The infarct 
size was estimated to be approximately 50%. B, high-power view of the same infarct zone. The infarct is 5 to 7 days old. The 
myocytes are still striated but deeply eosinophilic and without nuclei, indicative of coagulative necrosis. Necrotic debris and 
many neutrophils are present in the widened interstitial tissue. (A, Masson’s trichrome stain: original magnification X 2.5. B, he- 
matoxylin-eosin stain: original magnification X 100 — both reduced by 28%.) 
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TABLE I Patient Characteristics 


Echo-Path 
Interval 
(days) 


Global 


Cause 
of Death 


Infarct 
Size (%)* 


Age (yr) 


Pt. No. & Sex WMSI 


Trauma 
Arrhythmia 
Trauma 
AMI 
Arrhythmia 


WOON AOI WN 


Arrhythmia 
AMI 
AMI 
Arrhythmia 


Low output 
AMI 
AMI 
Low output 
AMI 


2 
0 
6 
3 
2 
2 
7. 
4 
7 
1 
2 
6 
Z 
5 
7 
4 
4 
7 
4 
7 
2 
7 
4 
3 
2 
1 
5 
2 
2 
4 


*Global infarct size is the infarct as a percentage of total left ventricular mass. 
AMI = acute myocardial infarction; Echo-Path = echocardiography-pathology; 
WMSI = wall moion score index (see text for definition). 





were 2-tailed; a p value <0.01 was considered signifi- 
cant. 


RESULTS 

Descriptive analysis: The time interval between 2-D 
echocardiographic examination and death averaged 4 
days and ramged from 1 to 7 days (Table I). Of the 30 
patients, 22 died of low output or arrhythmia as a con- 
sequence of acute myocardial infarction. Six had low 
output or arrhythmia without pathologic evidence for 
an acute myocardial infarction and the remaining 2 
died of noncardiac causes. 

Segmental analysis: Apical segments had the most 
and basal segments had the least damage. The mean 
infarct size ranged from 13% (segment 2) to 34% (seg- 
ment 14). The median of the infarct size ranged from 
5% (segmert 2) to 25% (segment 12 and 14). The 
number of segments that contained no myocardial 
damage was highest in the basal region and lowest in 
the apical region. These observations are consistent 
with the watershed phenomenon. The more proximal 
the coronary artery occlusion, the larger the infarct. 

Of the total 420 segments, 418 were adequate- 
ly visualized by 2-D echocardiography. Two hundred 
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twenty-seven of the 280 infarcted segments showed ab- 
normal regional wall motion (sensitivity = 81%); 98 of 
the 138 noninfarcted segments showed normal motion 
(specificity = 71%). Of the 151 segments with normal 
regional wall motion, 53 segments had pathologic evi- 
dence for infarction. Although 43 of the 53 segments 
(81%) had an infarct size <25%, 4 segments with in- 
farct size between 50 and 65% also had normal region- 
al wall motion. Sixty-six segments had hypokinetic mo- 
tion (regional wall motion score = 2); the infarct size 
ranged from 0 to 85% (mean 17). One hundred seven- 
ty-nine segments had akinetic motion; the infarct size 
ranged from 0 to 100% (mean 37). Finally, 22 seg- 
ments had dyskinetic motion; all 22 had infarct size of 
>10% (mean 44). A histogram of the distribution of 
segmental infarct size corresponding to each degree of 
regional wall motion score is shown in Figure 3. 

The correlation between the segmental infarct size 
and the severity of abnormal regional wall motion was 
determined. The mean segmental infarct sizes were 9 + 
12%, 17 + 17%, 37 + 27% and 44 + 29% for regional 
wall motion scores of 1, 2, 3 and 4, respectively. The 
differences between these mean segmental infarct sizes 
were significant except between akinetic and dyskinetic 
segments. A trend was evident for greater damage 
among segments with more severe abnormal regional 
wall motion if we treat each segment as an independent 
observation. The Pearson correlation coefficient be- 
tween the regional wall motion score and the segmental 
infarct size was 0.53. A linear regression of myocardial 
damage on regional wall motion score can be expressed 
by the following equation: segmental infarct size = 
—5.5 + 13.5 X regional wall motion score; standard 
error of linear regression = 21.64. 

Global analysis: The global infarct size ranged from 
1.6 to 53.6% of the left ventricular mass (Figure 4). 
The wall motion score index ranged from 1.00 to 3.07. 
The Pearson correlation coefficient between global in- 
farct size and wall motion score index was 0.52. The 
linear regression equation for predicting overall global 
infarct size based on the wall motion score index is: 
global infarct size = —5.86 + 13.20 X wall motion 
score index; standard error of linear regression = 12.01. 

Of the 30 patients, the 8 who had a wall motion 
score index <2 had a mean (+ standard deviation) 
global infarct size of 7 + 4%. Of the remaining 22 
patients with a wall motion score index of =2, the 
mean (+ standard deviation) global infarct size was 27 
+ 10%. The difference in global infarct size between 
these 2 groups of patients was significant (p <0.001 ). 


DISCUSSION 
Segmental analysis: The correlation between echo- 
cardiographic wall motion abnormalities and pathologi- 


NOVEMBER 1, 1991 


cally determined infarct size has been evaluated exten- 
sively in experimental animal studies.'°?4 Wyatt et 
al,!8 using a visual mapping system in 5 closed-chest 
- dogs, reported that the extent of myocardial dyssyner- 
gia was linearly associated with the percentage of in- 
farct area (as determined by staining cardiac specimens 
with nitro blue tetrazolium) in 16 cross-sectional slices 
(r = 0.89). However, the extent of dyssynergia by 2-D 
echocardiography was consistently larger than that de- 
termined by histologic staining. Lieberman et al,!” us- 
ing a 16-slice, open-chest canine model and a comput- 
er-aided contour system, reported that systolic thinning 
was associated with infarct size >20% of full wall 
thickness. Conversely, systolic thickening would suggest 
infarct size of <20%. However, the degree of systolic 
thinning was not associated with incremental amounts 
of infarcted tissue. 
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These animal studies were conducted under ideal- 
ized conditions. The timing of onset of myocardial in- 
farction was precise; the location and number (usually 
1-vessel) of coronary occlusions were uniform; the dogs 
were otherwise healthy; and the analytic techniques, in- 
cluding open-chest model and computer-aided contour 
system for endocardial and epicardial tracing, would 
optimize such correlation studies. However, these con- 
trolled circumstances rarely apply to clinical situations. 
Therefore, the data obtained from experimental animal 
studies, although extremely important, may not be par- 
ticularly useful in the clinical management of patients. 

Among studies performed in humans, correlations 
between abnormal regional wall motion detected by 2- 
D echocardiography and regional infarct size deter- 
mined by pathology have been demonstrated in only a 
few patients. In a 5-segment model, Weiss et al!? re- 
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ported in 2) autopsied cases that the sensitivity and the 
specificity ef regional wall motion analysis in detecting 
infarcted segments were 90 and 54%, respectively. 

In the present study, the sensitivity (81%) and speci- 
ficity (71%) of regional wall motion analysis in detect- 
ing infarcted and normal segments were in general 
agreement vith the report by Weiss et al.!> The normal 
motion observed by 2-D echocardiography in an in- 
farcted segment may be explained by the positive 
tethering e fect of the compensatory hypercontractive 
neighboring segments, although the exact mechanisms 
have not been determined. The concepts of hibernating 
or stunned myocardium?® and left ventricular remodel- 
ing after myocardial infarction??? have been postu- 
lated to explain compromised regional contraction with- 
out necrosis. 

The comelation between mean segmental infarct 
size and th> degree of abnormal regional wall motion 
demonstrated a positive trend. However, the error ex- 
pected in the actual prediction of segmental infarct size 
based on th= regional wall motion score was substantial. 
The large s-andard deviations of segmental infarct size 
within each wall motion score are the result of several 
factors. For example, visual definition of hypokinesia or 
akinesia fram normal wall motion can be difficult in a 
symmetricaly contracting ventricle, even among expe- 
rienced invzstigators.73 Mechanical tethering among 
neighboring segments can falsely augment motion in 
the infarcted area and vice versa.?! In addition, the 
temporal heterogeneity in assessing wall motion after 
myocardial infarction is not well understood.334 A 
“stunned” rryocardium may appear hypokinetic or aki- 
netic without true necrosis. Finally, some inconsisten- 
cies can exist in cardiac geography when comparing 2- 
D echocard_egraphy with autopsy specimens during or 
after remodeling. 

Global aalysis: Positive correlation has been report- 
ed between the global infarct size and left ventricular 
asynergy in animal!®!8.19.24 and human studies.*4,5.!4 
In animal studies, Meltzer et al! showed a good corre- 
lation between total left ventricular asynergy and global 
infarct size as determined by technetium-99m pyro- 
phosphate scan. In human studies, wall motion score 
index, a functional index of the left ventricle deter- 
mined by 2-D echocardiography, has been shown to 
correlate well with global infarct size.? Wall motion 
score index has been shown to be a good predictor for 
short->© and long-term?!*!> prognosis after an acute 
myocardial infarction. 

Our data showed that a linear relation exists be- 
tween the wall motion score index and global infarct 
size, estimated as a percentage of left ventricular mass. 
The standard error in predicting global infarct size for 
an individue! patient from the linear regression equa- 





tion is expected to be + 12%. The global infarct size for 
patients with a wall motion score index <2 is signifi- 
cantly lower than the global infarct size in patients with 
a wall motion score index 22. This finding is clinically 
important because it may explain that left ventricular 
function, the strongest predictor of prognosis after acute 
myocardial infarction, may ultimately reflect global in- 
farct size. 

Study limitations: This study is limited by the retro- 
spective nature of the data collection. The patient selec- 
tion criteria were designed to minimize disease entities 
and pathologic conditions other than ischemic heart 
disease that would compromise normal contractile ele- 
ments of myocardium. Nevertheless, hemodynamic in- 
formation regarding preload, afterload status and phar- 
macologic interventions at the time of 2-D echocardiog- 
raphy was not complete. In addition, although 7 days 
was arbitrarily chosen to be the maximal time interval 
between the time of 2-D echocardiography and the 
time of a patient’s death as | of the inclusion criteria, 
ongoing necrosis or subclinical recurrent myocardial 
damage could certainly take place during that time. All 
of these factors are reflected in the rather low correla- 
tion coefficients of the regional wall motion score with 
the segmental infarct size and the wall motion score 
index with the global infarct size. This observation sug- 
gests significant limitations in using 2-D echocardiogra- 
phy in quantification of infarct size. However, it is not 
clear if the prediction of infarct size can be improved 
when the above-mentioned clinical variables are better 
controlled in a prospective manner. 
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identification of “‘Surgical’’ Coronary Anatomy 
by Exercise Radionuclide Cineangiography 
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Radionuclide cineangiography with exercise has 
been used to identify patients with coronary ar- 
teriographic patterns for which bypass grafting 
has been shown to prolong life. However, pa- 
tients with severe prior myocardial damage were 
included in these studies, although the random- 
ized medicine versus surgery trials recognized an 
effect of resting ejection fraction on operative 
risk and excluded patients with severely compro- 
mised funcion. Moreover, continuing reports 
from trials of surgery and from an ancillary eval- 
uation of angioplasty have refined the set of cor- 
onary anatemic patterns for which mechanical 
therapy preiongs life, although stenosis severity 
criteria varied (50 vs 70 to 75%) between these 
trials. 

In this study, we have focused on patients 
who would have been eligible for the randomized 
trials of surgical therapy, and included only 
those with at least moderately preserved ventric- 
ular function at rest (ejection fraction 230%). In 
such patients, exercise parameters were signifi- 
cantly more accurate than rest variables in iden- 
tifying all anatomic patterns appropriately treat- 
ed mechanically; logistic regression selected 
ejection fraction change with exercise, followed 
by systolic lood pressure change with exercise, 
as the 2 mest powerful independent covariates 
among patients with “‘surgical’’ coronary anato- 
my defined by a 70% stenosis criterion; absolute 
exercise ejection fraction contributed no signifi- 
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cant independent information. When defined at a 
50% stenosis severity level, blood pressure 
change and angina class were more powerful 
than absolute exercise ejection fraction, but a 
crude, noninvasively determined analog of stroke 
work, incorporating change in both ejection frac- 
tion and blood pressure, was most accurate. 
Coronary anatomic patterns appropriately 
managed mechanically are identifiable by results 
of radionuclide cineangiography with exercise 
most efficiently by use of change in ejection frac- 
tion and blood pressure induced by exercise. 
(Am J Cardiol 1991;68:1150-1157) 


adionuclide cineangiography with exercise is 
R tess efficient in detecting coronary artery 

disease.' Previous study has indicated a general 
relation between the magnitude of exercise-induced de- 
terioration in ventricular performance and the extent of 
coronary artery obstruction? and, indeed, a direct re- 
lation between ventricular performance during exercise 
and prognosis.” Meanwhile, continuing reports from 
the major randomized trials comparing surgical with 
medical therapy for stable angina®-!* have refined the 
set of coronary anatomic patterns for which bypass sur- 
gery prolongs life, and a recent retrospective analysis 
also has identified patients for whom angioplasty pro- 
longs life.!? The use of radionuclide cineangiography in 
identifying these patterns has not been assessed. More- 
over, the level of stenosis severity used for anatomic 
categorization varied among the trials, whereas prog- 
nostic implications of “surgical” patterns varied with 
criteria for stenosis severity, and with left ventricular 
ejection fraction at rest. Therefore, we have compared 
the results of coronary arteriography and radionuclide 
cineangiography in patients similar to those enrolled in 
the randomized trials in order to (1) assess the use 
of radionuclide cineangiography in identifying patients 
with anatomic patterns currently considered appropri- 
ate for prophylactic mechanical therapy, (2) assess the 
impact of stenosis severity criteria on this analysis, (3) 
eliminate the confounding influence of major prior 
myocardial damage, and (4) determine the relative dis- 
criminant power of various parameters measured dur- 
ing radionuclide cineangiography. 
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TABLE I Anatomic Criteria for Prophylactic Mechanical Therapy 


Ejection Fraction 
Criterion for 


Study Entry Therapy 


Coronary Artery 
Surgery Study 


European Coronary 
Surgery Study Group 


Veteran's Administration > 25%—-35% 


Cooperative Study 


Coronary Artery Surgery 
Study-Emory 


Coronary bypass grafting 


Coronary bypass grafting 


Coronary bypass grafting 


Percutaneous transluminal 
coronary angioplasty 


Intervention Appropriate with: 


3VD: > 70% and EF <50%*(p = 0.063) 


LM: 50-75% 
3VD: >75% 
3VD: > 50% 
2VD: >75% including proximal LAD > 75% 


LM: >75% 

LM: >50% 

LM: 50-75%* (p = 0.089) 
3VD: > 50%t (p = 0.025) 
3VD: > 50% with EF <50% 


2VD: > 50% including LAD > 50% 


*Criterion that is of borderline statistical significance (p values as noted in table. All other values were < 0.05). 


tp <0.025 when centers performing bypass grafting with inordinately 


h mortality were excluded. 


hi 
EF = ejection fraction; LAD = left anterior descending coronary artery; iM = left main; VD = vessels diseased. 


METHODS 

Study group: Patients were selected to obtain a pop- 
ulation similar to that studied in the randomized medi- 
cine versus surgery trials: those with clinically stable 
coronary artery disease, relatively preserved ventricu- 
lar function, and aged <65 years. Candidates consisted 
of all patients who underwent radionuclide cineangiog- 
raphy at The New York Hospital during a consecu- 
tive 23-month period to evaluate known or suspected 
coronary artery disease, and who underwent cardiac 
catheterization within 12 months of radionuclide study 
without intercurrent myocardial infarction. Inclusion in 
analysis required 250% reduction in luminal diameter 
of at least 1 coronary artery. Patients were excluded 
if they had undergone previous cardiac surgery or coro- 
nary angioplasty, significant valvular heart disease, 
congenital heart disease, nonischemic cardiomyopa- 
thy, myocardial infarction within 4 weeks of study, or 
failure to perform symptom-limited (angina, dyspnea, 
marked fatigue) supine bicycle exercise. Finally, pa- 
tients were excluded if their radionuclide left ventricu- 
lar ejection fraction at rest was <30% since such pa- 
tients were excluded from the randomized surgical ver- 
sus medical therapy trials (Table I); their inclusion here 
could have been expected to importantly alter relations 
of results of this study with anatomic patterns defined 
in clinical trials. Thus, the Coronary Artery Surgery 
Study!2 and Veterans Administration trials*? excluded 
patients with ejection fraction 235% by contrast angi- 
ography, corresponding to our radionuclide-based cut- 
off of 30%; the European study!®!! excluded patients 
with EF <50% by contrast angiography, corresponding 
to our 45% lower limit of normal (and therefore used in 
stratified analysis in the present study); and the other 2 
trials stratified analysis at this level.8®!2 After exclu- 





sions, 175 patients (148 men, 27 women, aged 32 to 64 
years) remained. Among analyzed patients, average in- 
terest hiatus was 34 days; 150 of 175 total patients 
(85%) underwent both studies within 60 days. The clin- 
ical severity of disease in our study population generally 
was moderate and patients were clinically stable: 36 pa- 
tients (21%) were in New York Heart Association!4 
functional class I; the average functional class in our 
study population was II. 

The inclusion of patients with resting ejection frac- 
tion <30% in earlier radionuclide-based studies may 
have influenced the apparent power of different de- 
scriptors to identify anatomic patterns. Thus, severe 
multivessel disease might be more frequently associated 
with prior or larger infarction than disease of lesser an- 
atomic severity. If ejection fraction during exercise was 
significantly related to that at rest, then inclusion of 
patients with severely depressed performance at rest 
(a specifically excluded from the large clinical trials) 
might enhance the apparent predictive power of ejec- 
tion fraction during exercise. Therefore, we assessed the 
correlation of resting and exercise ejection fraction. For 
this purpose, we considered the study population alone, 
and also evaluated all patients in the group from which 
the study population was selected, including those who 
met all entry criteria but were excluded because of ejec- 
tion fraction <30%, as well as those with ejection frac- 
tion 230%, to assess the impact of patient selection on 
the correlation. 

Radionuclide cineangiography: Gated equilibrium 
studies were performed at rest and at peak exercise in a 
manner analogous to that which we have previously re- 
ported.!> Ejection fractions were measured by a proce- 
dure analogous to our previously reported count-based 
method.!:!5:!6 The normal value at rest is 245% and 
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TABLE Il Covariates Analyzed 


Clinical Variapies Test Variables Derived Variables 












Age Ex. ECG (+, —, equivocal) EFA/EF-rest 







Sex Ex. duration (min) BPA/BP-rest 
NYHA angine class EF — rest, Ex., A Mean BP 
Heart rate — rest, Ex., A PVR — Rest, Ex., A 
Systolic, diastolic BP — SWA, SWAI 









Rest, Ex., A 

Double product — rest, 
Ex., A 

Pulse pressure — rest, 
Ex, A 











BP = blood pressure (mm Hg); ECG = electrocardiogram; EF = left ventricular ejection 
fraction; Ex. = ex=*cise; Mean BP = [systolic BP + diastolic BP x 2]/3; NYHA = New 
York Heart Assaeiation; PVR = peripheral vascular resistance analog (systolic 
BP/[EF x HR]); SWA = stroke work analog ([Ef. A + 30] x [BPA + 25]/BP-rest); 
SWAI = stroke work analog indexed (SWA/EF-rest); A = change from rest to exercise; 
+ = ischemic electrocardiographic response to exercise is present. 







during exercise is 254%. Such determinations, at rest 
and during exercise, correlate well with corresponding 
values obtained by contrast angiography. !6 

Exercise protocol involved supine bicycle ergometry 
at an initial work load of 25 W, generally increasing by 
25 W increments every 2 minutes until development 
of angina pectoris, dyspnea, or fatigue of sufficient se- 
verity to limit exercise. Heart rate and rhythm were 
monitored continually during testing, and blood pres- 
sure was recorded at approximately 2-minute intervals. 
Hard copy electrocardiographic strips (2 leads) gener- 
ally were obtained at rest and peak stress. Raw data 
strips, or reports from the primary reader, were avail- 
able in 112 of the 175 patients and were reviewed for 
ST-segment change. A positive (ischemic) response was 
defined as 20.1 mV horizontal or downsloping ST-seg- 
ment depression (direct review of evaluable raw data 
strips) or as a notation by the primary reader that an 
ischemic response was present. 

Coronary arteriography was performed by Judkins 
technique, wath a General Electric Fluoricon 300 imag- 
ing system. Routine procedure in our laboratory in- 
volved obtaining 6 views of the left coronary artery sys- 
tem, includimg cephalad and caudad angulations, and 2 
views of the right coronary artery system, although 
evaluation o° videotaped images during the procedure, 
as well as amy clinical exigencies, might result in more 
or fewer views in any individual patient. Angiograms 
were filmed at 60 frames/s, with Renografin 76® con- 
trast medium and Kodak® CFS film. Arteriographic 
results were based on the reported assessment by the 
primary operator, except in the cases of films for which 
quantitative lesion severity was not clearly reported; in 
these cases, caliper-based review was performed by one 
author (JW } Stenosis was graded as <50%, 50 to 69% 
and 270% reduction in luminal diameter in any view. 
These thresholds correspond to those used in the major 
randomized ‘rials.'’-!? We used Coronary Artery Sur- 
gery Study Fegistry definitions!’ to categorize anatom- 
ic patterns. However, unlike the Registry, we did not 
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consider left main obstruction to be equivalent to 2- 
vessel disease: throughout this report left main obstruc- 
tion is identified as such. In addition, we assessed ho- 
mogeneity of disease severity within anatomic sub- 
groups by calculating disease severity scores for our 
patients according to the system reported by Gensini.2° 

Surgical anatomy was defined on the basis of results 
of the 3 major randomized trials and the nonrandom- 
ized Coronary Artery Surgery Study ancillary assess- 
ment of angioplasty (Table I). Thus, surgical patterns 
included (1) =70% obstruction of the left main coro- 
nary artery,!? (2) >70% obstruction of each of the 3 
main arteries or a major branch,!8 (3) >70% obstruc- 
tion of the proximal left anterior descending artery with 
a 270% obstruction of 1 additional main artery or a 
major branch!® (4) >50% obstruction of the left main 
coronary artery! (5) >50% obstruction of each of the 
3 main arteries or their major branches,!8 and (6) 
250% obstruction of the left anterior descending plus 
250% obstruction of any other major epicardial 
vessel. !3 

Analysis: Statistical comparisons were performed by 
chi-square, Student’s ¢ test, analysis of variance or 
product-moment correlation as appropriate. Since in- 
trapatient variation of ejection fraction measurements 
by radionuclide cineangiography is slightly < + 5 
units,?! we categorized ejection fraction change with 
exercise behavior into 3 groups, separating the 2 polar 
groups by a 10-unit interval (twice the average mea- 
surement variability); thus, the 3 groups consisted of 
(1) those patients manifesting ejection fraction increase 
with exercise (positive change), (2) those with ejection 
fraction decreasing 0 to 9%, and (3) those with ejection 
fraction decreasing =10% with exercise (severely nega- 
tive change). Additional analyses were performed for 
subgroups defined on the basis of absolute rest and ex- 
ercise ejection fraction values using partitioning thresh- 
olds reported by other investigators. 7”: 

Stepwise logistic regression was used for multivari- 
ate analysis (entry and removal thresholds 0.05 and 
0.10, respectively”); Table II lists the covariates evalu- 
ated. After an initial evaluation of parameters available 
at radionuclide testing for capacity to identify surgical 
anatomy, we combined several of the most powerfully 
predictive variables to determine whether predictive ac- 
curacy could be significantly increased. Specifically 
(Table II), we calculated (1) the fractional change in 
ejection fraction (ejection fraction change with exercise 
divided by ejection fraction at rest), reasoning that a 
given magnitude of deterioration with exercise might be 
more significant if initial resting value were lower; (2) 
fractional change in systolic blood pressure, for similar 
reasons; (3) mean blood pressure; (4) a peripheral vas- 
cular resistance analog aimed at differentiating periph- 
erally from centrally mediated change in ventricular 
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performance with exercise; (5) an analog of change in 
cardiac work with exercise (stroke work analog) involv- 
ing both ejection fraction and blood pressure terms; and 
(6) the stroke work analog indexed to ejection fraction 
at rest. These derived variables were added to the previ- 
ous covariates and logistic regression analysis was re- 
peated. 

Receiver operator characteristic curves were used to 
quantify the accuracy with which covariates identified 
surgical coronary anatomic patterns. Area and bivar- 
iate tests were employed to assess the likelihood that 
such curves were significantly different from one anoth- 
er2425 using software supplied by one of these investi- 
gators. 


RESULTS 

Coronary artery disease was distributed in our pop- 
ulation according to 50 and 70% stenosis criteria (Fig- 
ure 1). Of the 175 patients, 128 (73%) had the ana- 
tomic patterns (250% stenosis criterion) we wished to 
identify noninvasively: left main, and 3- and 2-vessel 
disease involving the left anterior descending artery. By 
the more stringent 70% stenosis criterion, 71 (41%) had 
surgical disease, which differed from the 50% stenosis 
patterns in the requirement that left anterior descend- 
ing involvement was proximal in the 2-vessel disease 
group. Gensini scores ranged widely within anatomic 
subgroups (e.g., for 70% stenoses, scores ranged from 
21 to 172 among patients with nonproximal 3-vessel 
disease, and from 14 to 106 among patients with 2- 
vessel disease). 

Multivariate analysis (Table Ill): Stepwise logistic 
regression analysis revealed that when only clinical vari- 
ables and radionuclide variables obtained at rest were 
considered, angina class, resting pulse pressure and ab- 
solute ejection fraction at rest were predictive of surgi- 


>50% Stenosis 


N (%) 


23 (13) 
FIGURE 1. Average ejection fraction 


TABLE Ili Results of Logistic Regression to Identify 
Surgical Anatomy 


Variables 


Rest only 


Rest and ex. 


EF-Rest 
> 30% 


(n = 175) 


> 50% Stenosis Criterion for Surgical Anatomy 


1 Angina 
2 BP-rest 
3 EF-rest 
1 BPA 

2 Angina 
3 EF-Ex. 


EF-Rest 
30-44% 
(n = 55) 


1 EF-Ex. 
2 Sex 
3 Angina 


EF-Rest 
>45% 
(n= 119) 


1 BP-rest 
2 Angina 


1 BPA 

2 Angina 

3 EF-Ex. 

4 Mean BP-rest 
5 Ex. duration 


1 SWA indexed 1 PVR-Ex. 
2 Angina 2 Angina 
3 PVR-rest 3 EFA 3 PVR-rest 

4 Ex. duration 4 Ex. duration 


> 70% Stenosis Criterion for Surgical Anatomy 


1 SWA indexed 
2 Angina 


Include derived 
variables 


Rest only 


Rest and ex. 


1 Angina 
2 Sex 
1 EFA 


1 Angina 
2 Sex 
1 EFA 


change from rest to exercise for coronary 
anatomic patterns. LAD = left anterior de- 
scending coronary artery; LVEF = left 
ventricular ejection fraction; Prox = proxi- 
mal; VD = vessels diseased; A = change 
with exercise. *By 50% stenosis crite- 
rion, LAD lesions were anywhere within 
the LAD system; by 70% stenosis criteri- 
on, LAD lesions were proximal. 


10 (6) 
67 (38) 


28 (16) 

12 (7) 

23 (13) 

12 (7) 
0 


2 BPA 
3 Angina 
Include derived 1 SWA 1 Sex 
variables 2 DP-rest 
3 Angina 
All variables improved the model by p > 0.05 or better. 


Angina = New York Heart Association angina class; DP = double product; other 
abbreviations as in Table Il. 





cal anatomy by the 50% stenosis criterion. When exer- 
cise variables were included (initially without electro- 
cardiographic response to exercise, since incomplete 
availability of this variable removed a substantial por- 
tion of our study group from the regression analysis) 
change in systolic blood pressure with exercise, angina 
class and absolute ejection fraction at exercise were the 
significant predictors. By 70% stenosis criterion, ejec- 
tion fraction change with exercise was most powerful, 
followed by change in systolic blood pressure and angi- 
na class; neither absolute ejection fraction at rest or at 


Surgical Coronary Anatomy 
>70% Stenosis 
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Age (years) 
EF-rest 
EF-ex. 


NYHA angina -tass 
Gensini score 


BP-rest 
HR-rest 


DP-rest (x 1080) 


BP-ex. 
HR-ex. 


DP-ex. (x 1,000) 


BPA 
HRA 


DPA (x 1,000 
Ex. duration (min) 
Ex. duration 


<-10 


66 

56 + 6 
50+ 8 
35 +9 
2:5. #-1:0 
67 + 47 
142+ 19 
69 + 11 
99 + 22 
175+ 23 
112 +19 
198 + 55 
33:425 
43 +18 
100 + 52 
7.6 + 2.6 
15 (23%) 


-9-0 


85 

55° 7 
48 +9 
43 +9 
2.4+1.0 
51+ 38 
143 + 20 
65+ 10 
93 + 20 
180 + 23 
105+17 
191 +47 
38 + 22 
40+ 16 
98 + 43 
hE ERS 
18 (21%) 


>0 


24 

53 +8 
47 +12 
51 +13 
2.63 E p 
32 + 29 
145 + 22 
flav 
103 + 25 
182 + 23 
LLO 27 
200 + 45 
36+ 25 
39+15 
97 + 43 
8.4 + 2.3 
10 (42%) 


p Value* 


0.548 
0.205 
0.028 
0.575 
0.019 
0.954 
0.463 
0.334 
0.962 
0.585 
0.370 
0.248 
0.340 
0.062 
0.399 
0.109 


(>10 min) 


Angina endpoiat 51 (77%) 60(71%) 0.043 
*p value from avalysis of variance across all 3 groups. j 
BP = systolic bacod pressure (mm Hg); DP = double product; EF = left ventricular 
ejection fraction; =x. = exercise; HR = heart rate (beats/min); NYHA = New York 
Heart association = change from rest to exercise. 


12 (50%) 





exercise, nor duration of exercise, provided significant 
information in the 70% stenosis group. When electro- 
cardiographe positivity at exercise was included in the 
model for evaluable patients, this finding also contrib- 
uted no independent information. When patients were 
categorized 3y myocardial performance at rest, vari- 
ables obtained at rest alone were not successfully built 
into a model able to identify surgical anatomy in the 2 
subgroups (able III), emphasizing the importance of 
exercise evaluation. Parameters involving exercise ejec- 
tion fraction were included in the models for all exer- 
cised subgroups. When subgroups based on myocardial 
performance at rest were analyzed separately, similar 
patterns wer= noted (Table III). Blood pressure terms 
contributed significantly to the identification of surgical 
anatomy, particularly in patients with normal ejection 


Surgical Coronary Anatomy 
LVEF-Rest>30% 


>50% Stenosis 


fraction at rest. In addition, when patients were sub- 
grouped on the basis of presence or absence of a history 
of prior myocardial infarction, no important differences 
in the utility of objective predictors were apparent. 

Left ventricular ejection fraction: Change in left 
ventricular ejection fraction with exercise ranged wide- 
ly, from an increase of 13 ejection fraction units to a 
decrease of 29 units. When patients were separated into 
3 groups by the direction and magnitude of ejection 
fraction change with exercise (see Methods), ejection 
fraction at rest was indistinguishable among the 3 
groups (Table IV). These 3 groups also were similar 
clinically, in terms of New York Heart Association 
functional class, exercise duration, exercise heart rate 
and double product, although the portion of patients 
able to exercise >10 minutes was highest in those with 
exercise-induced ejection fraction improvement. Exer- 
cise was limited by angina significantly more frequently 
in the 2 groups for whom ejection fraction deteriorated 
with exercise than in the group in which performance 
increased. However, 12 of 65 patients (18%) in the 
most severely impaired group did not develop angina or 
angina equivalents during exercise. Ten of these 12 pa- 
tients had surgical coronary anatomic patterns by all 
criteria, | with a >70% left main obstruction. There- 
fore, the segregation of patients with respect to the 
functional severity of exercise-induced ischemia could 
not be based on either left ventricular performance at 
rest or on blood pressure or heart rate achieved with 
exercise, and could not be inferred reliably from clinical 
variables. Absolute ejection fraction during exercise 
was strongly related to absolute ejection fraction at rest 
for patients with resting values >30% (r = 0.733, p 
<0.001), and even more strongly when patients with 
values <30% were included (r = 0.803). 

Anatomic functional correlation: Ejection fraction 
deterioration with exercise correlated reasonably well 
with the presence of lesions considered to be of particu- 
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FIGURE 2. Surgical coronary anatomy 
within groups defined by ejection fraction 
change from rest to exercise. Abbrevia- 
tions as in Figure 1. *For “surgical” anat- 
omy categorized by 50% stenosis criteri- 
on, LAD lesions were anywhere within the 
LAD or its major branches; for 70% ste- 
nosis criterion, LAD lesions were only in 
the proximal LAD. 
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lar prognostic importance (Figure 1). Thus, on average, 
deterioration was most severe in anatomically defined 
subgroups with left main or 3-vessel stenoses (though 
the latter finding was strongly influenced by the results 
among patients with proximal 3-vessel stenoses), and 
increased only in the absence of coronary artery steno- 
sis >70%. Other combinations of lesions resulted in 
ejection fraction effects ranging between these 2 ex- 
tremes. Conversely, left main or proximal 3-vessel coro- 
nary stenoses were frequently present in patients with 
the most marked decrease in ejection fraction with ex- 
ercise (Figure 2); when ejection fraction increased with 
exercise, significant left main obstruction was absent, 
and proximal 3-vessel disease was present in only | pa- 
tient, in whom >70% proximal disease was absent. 
When ejection fraction decreased 210%, surgical 
anatomy was present in 83 and 62% of patients by 50 
and 70% stenosis criteria, respectively. When ejection 
fraction increased with exercise, surgical anatomy was 


œ 
o 


FIGURE 3. Surgical coronary anatomy 
representation within groups defined by 
LVEF A/rest (r). Other abbreviations as in 
Figure 1. 


Percent of Group 
a 
© 


LVEFr>30% 


True Positive Fraction (%) 


20 40 
False Positive Fraction (%) 








present in 54% (predominantly 2-vessel disease) by the 
50% stenosis criterion, but in only 8% (solely nonproxi- 
mal 3-vessel disease) by the 70% criterion. The distri- 
bution of coronary anatomic patterns in our study 
group is detailed in Figure 2. Average Gensini scores 
were significantly higher in patients with the most se- 
vere exercise-induced dysfunction (Table IV). 

Derived variables: A combination of ejection frac- 
tion and blood pressure terms into crude analogs of pe- 
ripheral vascular resistance or stroke work, as well as 
indexing ejection fraction change with exercise to the 
resting value, resulted in more precise relations between 
noninvasive descriptors and anatomic patterns than was 
available with ejection fraction or blood pressure pa- 
rameters alone (Table III, Figure 3). 

The introduction of a systolic blood pressure term 
facilitated identification of surgical anatomy in all sub- 
groups. Our peripheral vascular resistance analog, as- 
sessed at peak exercise, improved accuracy of the pre- 
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FIGURE 4. Receiver operator characteristic curves for identification of surgical coronary anatomy (70% stenosis criterion). 


BP = systolic blood pressure; other abbreviations as in Figure 1. 
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dictive model for surgical anatomy in 1 subgroup de- 
fined by the 50% stenosis criterion, but the stroke work 
analog was the only covariate included in the model to 
identify surgical anatomy by the 70% stenosis criterion 
in our largest patient subgroup, those with normal ejec- 
tion fraction at rest (Table III). 

To compare the relative predictive value of the pri- 
mary and derived variables, receiver operator charac- 
teristic curves were constructed. When the 70% stenosis 
criterion was used (Figure 4), all exercise ejection frac- 
tion variables provided significantly better identification 
than ejection fraction at rest. Among the exercise vari- 
ables, ejection fraction change with exercise tended to 
perform more precisely than absolute exercise ejection 
fraction (Figure 4, left), whereas the derived variable, 
ejection fraction change with exercise indexed to ejec- 
tion fraction at rest, was significantly more accurate 
than absolute exercise ejection fraction (Figure 4, left) 
for patients with resting values >30%. The stroke work 
analog also was more accurate than absolute exercise 
ejection fraction, both for all patients with rest ejection 
fraction 230% (Figure 4, left) and for patients with 
normal values at rest (Figure 4, right). Moreover, the 
stroke work analog tended to have greater accuracy 
than the other exercise variables (Figure 4). 

When the 50% stenosis criterion was used, ejection 
fraction change at exercise indexed to ejection fraction 
at rest was slightly more accurate than absolute exer- 
cise ejection fraction in identifying surgical anatomy. 
However, differences among receiver operator charac- 
teristic curves for the 50% stenosis criterion did not 
reach statistical significance. 


DISCUSSION 

These results indicate that ejection fraction behavior 
with exercise, assessed by radionuclide cineangiogra- 
phy, is useful in identifying patients with relatively high 
likelihood of surgical coronary anatomy as defined by 
the results of recent clinical trials. The accuracy of 
identification achieved by ejection fraction assessment 
alone can be improved by adjusting for exercise blood 
pressure behavior during supine exercise. Moreover, as 
previously suggested,’ our data indicate that identifica- 
tion of surgical anatomy is relatively efficient despite 
the absence of angina, or the presence of mild or mod- 
erate symptoms, and is not significantly influenced by 
heart rate achieved during exercise (Table IV). 

Previous investigators have found absolute ejection 
fraction at exercise particularly useful in identifying pa- 
tients with the most severely obstructed coronary arter- 
ies,*4 and specifically have found this parameter superi- 
or to ejection fraction change with exercise for this pur- 
pose. However, these earlier investigations included 
patients with markedly depressed ejection fraction at 


rest, who have been excluded from the major medicine 
versus surgery trials; these studies did not account for 
the impact of intragroup variation in the resting value. 
The current study indicates that, for patients in whom 
resting performance is at most moderately depressed, 
and for whom the randomized trials define the benefits 
of prophylactic operation, ejection fraction change with 
exercise, alone and indexed to ejection fraction at rest, 
generally is the parameter that best identifies the pres- 
ence of surgical anatomy. The accuracy of identifica- 
tion in patients with normal ejection fraction at rest 
is improved further by incorporating exercise systolic 
blood pressure behavior into the model. 

Our analysis indicates that absolute ejection fraction 
at exercise is highly correlated with the absolute value 
at rest. Therefore, the power of absolute exercise ejec- 
tion fraction to identify surgical coronary anatomy may 
depend, in part, on a general association between more 
severe coronary artery disease with severe damage at 
rest. Such compromised patients are excluded from the 
major randomized trials, and therefore from this study. 
In the remaining patients, who form the great majority 
of those presenting for revascularization,2° absolute ex- 
ercise ejection fraction is less precise than variables that 
assess ischemia-induced, reversible dysfunction, and are 
less powerfully affected by the presence of scar (Fig- 
ure 4). Indexing ejection fraction change to the resting 
value adjusts for the impact of ejection fraction at rest, 
and, indeed, this derived variable proved a particularly 
precise predictor. 

The frequency of proximal 3-vessel disease generally 
was mirrored by the functional changes on radionuclide 
study. The frequency of nonproximal 3-vessel disease 
appeared more constant over the range of ejection frac- 
tion behaviors, and this pattern was relatively difficult 
to predict from ejection fraction response to exercise. 
This finding reveals a limitation in the use of radionu- 
clide cineangiography in identifying arteriographic sur- 
gical anatomy. However, the functional heterogeneity 
of patients with 3-vessel disease may be of clinical im- 
portance: preliminary data from our laboratory previ- 
ously have indicated a strong relation between progno- 
sis and ejection fraction behavior with exercise among 
patients with 3-vessel disease.2’ In addition, the func- 
tional heterogeneity in this subgroup is consistent with 
the anatomic heterogeneity suggested by the range of 
observed Gensini scores (21 to 172 for 70% stenosis). 
Nonetheless, although a general relation exists between 
ejection fraction behavior and angiographic abnormali- 
ty, our data indicate that radionuclide cineangiography 
does not precisely or invariably predict the results of 
catheterization. This finding may be attributable in 
part to the recognized imprecision of arteriographic de- 
termination of lesion severity,?® to technical factors in- 
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volved with exercise application related to the possibility 
of loose coupling between limiting symptoms and isch- 
emia severity,° to imprecision of radionuclide cineangio- 
graphic determinations,*! and to the dependence of 
ejection fraction behavior on ventricular loading condi- 
tions.2329 In addition, the data indicate the superiority 
of radionuclide cineangiography to exercise electrocar- 
diography in identifying surgical anatomy. However, 
interpretation of this finding must be tempered by rec- 
ognition of the lack of electrocardiographic data in one- 
third of the patients, and in collection of data only in 
the supine position. 

Ultimately, the predictive value of ejection fraction 
analysis and of coronary arteriography must be judged 
not against each other, but in relation to the incidence 
of subsequent clinical events and, as a corollary, by the 
capacity to identify patients whose prognosis can be al- 
tered beneficially by specific management strategies. 
The prognostic value of each method already has been 
independently demonstrated.*’° The relative, or, more 
likely, complementary value of these modalities must be 
defined by further study. 
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Prior Restenosis Predicts Restenosis 
After Coronary Angioplasty of a 
New Significant Narrowing 


Stuart J. Bresee, MD, Alice K. Jacobs, MD, Gary R. Garber, MD, Nicholas A. Ruocco, Jr., MD, 
Roger M. Mills, MD, Bruce A. Bergelson, MD, Thomas J. Ryan, MD, and David P. Faxon, MD 


To determine the influence of a history of reste- 
nosis on subsequent restenosis after percutane- 
ous transluminal coronary angioplasty (PTCA) of 
a new significant narrowing, the records of 100 
patients who underwent successful PTCA at an- 
other site (“new narrowing PTCA”) >2 months 
after successful initial PTCA were retrospective- 
ly reviewed. Patients were grouped according to 
whether initial PTCA resulted in restenosis, 
which was determined by angiographic follow-up 
23 months after initial PTCA. Patients in group 
1 did not have restenosis after initial PTCA 
(n = 50), whereas patients in group 2 did 
(n = 40). All patients were followed for recurrent 
symptoms, with serial exercise tests, for >6 
months after new narrowing PTCA. Clinically 
suspected and angiographically confirmed reste- 
nosis occurred in 11 of 50 (22%) patients and 
12 of 63 (19%) narrowings in group 1, and in 
20 of 40 (50%) patients and 22 of 48 (46%) 
narrowings in group 2 (p <0.01 for patients, p 
<0.002 for narrowings). Multivariate analysis 
identified that prior restenosis (p <0.02, odds 
ratio 3.4), left anterior descending artery loca- 
tion of stenosis (p <0.04, odds ratio 3.0), and 
severity of stenosis before PTCA (p <0.02, odds 
ratio 1.8) were independently associated with re- 
stenosis after new narrowing PTCA. In conclu- 
sion, prior restenosis is an independent risk fac- 
tor for subsequent restenosis after new narrow- 
ing PTCA. 

(Am J Cardiol 1991;68:1158-1162) 
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estenosis occurs in approximately one third of 
RR i undergoing percutaneous transluminal 
coronary angioplasty (PTCA) and remains a 
significant limitation of the long-term success of the 
procedure.!? Whereas the mechanism of restenosis is 
becoming increasingly well understood,>° the reasons 
an individual patient will develop restenosis remain elu- 
sive. Several factors have been associated with an in- 
creased incidence of restenosis, including patient factors 
such as male sex and diabetes, clinical factors such as 
unstable angina, and local factors such as severity and 
location of stenosis.!? Whether an individual patient 
could have a predisposition toward restenosis that is in- 
dependent of these factors is not known. 
Since restenosis is a response to injury that has 
many possible biochemical mediators,>° it is reasonable 


to expect that the interaction of these biochemical me- - 


diators in a given patient would produce a similar re- 
sponse to repetitive injuries. Thus, history of restenosis 
might confer a predisposition for restenosis of a new 
narrowing based on the patient’s previous biochemical 
or molecular response to injury. To test this hypothesis, 
we investigated the incidence of restenosis after coro- 
nary angioplasty of a native atherosclerotic narrowing 
in patients who had previously undergone angioplasty 
at a different site. 


METHODS 

Patient selection: During the period of June 1980 
through September 1989, 2,080 of 2,340 patients un- 
dergoing their first coronary angioplasty at Boston Uni- 
versity Medical Center had successful procedures (Fig- 
ure 1). These procedures will be referred to as “‘initial 
PTCA.” All 100 patients who had successful PTCA of 
a second native coronary narrowing 22 months later 
were identified. A time of 2 months between initial and 
second PTCA was chosen to avoid staged angioplasty 
procedures. The second angioplasty procedure will be 
referred to as “new narrowing PTCA.” These 100 pa- 
tients comprise our study group. 

Based upon angiographic assessment of the lesion 
=90 days after initial angioplasty, a time by which 
97% of restenoses will have occurred,’ the patients were 
divided into 2 groups. Group | consisted of those pa- 
tients who did not have restenosis after initial angio- 
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TABLE I Clinical Characteristics 


Group 1 (n = 50) 
No Prior 
Restenosis 

n (%) 













Group 2 (n = 40) 
Prior Restenosis 


Characteristic n (%) 











Age (yrs; mean + SEM) 60+2 54 + 2 0.011 
Men/women 33 (66)/17 (34) 34(85)/6(15) 0.070 
Diabetes mellitus 13 (26) 4 (10) NS 
-Systemic hypertension 27 (54) 15 (37.5) NS 
Cigarette smoking 35 (70) 30 (75) NS 
Unstable angina pectoris 27 (54) 22 (55) NS 
Total serum cholesterol 

(mg/dl; mean + SEM) 228 + 6 218+/7 NS 


NS = not significant; SEM = standard error of the mean. 


plasty. Patients in group 2 had evidence of restenosis 
after initial angioplasty. 

Angiographic and clinical information during new 
narrowing angioplasty were determined by review of 
the patient’s medical records. All patients were followed 
for recurrence of symptoms, with serial exercise testing, 
for 26 months after new narrowing angioplasty. Coro- 
nary angiography was not routinely applied during fol- 
low-up, but was recommended if symptoms or exercise 
testing suggested restenosis. Information was obtained 
from office records, and by phone calls to the patient 
and the referring physician. 

Definitions: A successful angioplasty procedure was 
defined as a change in lumen diameter of 220% and a 
residual stenosis of <50% in =1 attempted lesion. The 
definition of restenosis was recurrence of symptoms, or 
positive exercise test and angiographic documentation 
of a stenosis of 250% measured by calipers in 2 or- 
thogonal views at the site of the angioplasty. Recurrent 
restenosis was defined as =2 episodes of restenosis and 
applied only to new narrowing PTCA. 

In a patient in group 2 who died from noncardiac 
causes, restenosis was identified by postmortem exami- 
nation. Another patient in group 2 died after a large 
anterior wall myocardial infarction 2 months after suc- 
cessful left anterior descending artery PTCA. Both of 
these patients were believed to have had restenosis and 
were analyzed accordingly. 

Patient exclusions: Excluded from the group with 
no prior restenosis (group 1) were 2 patients who did 
not have angiographic follow-up of the initial lesion 
>90 days after initial PTCA. Also excluded from 
group | were 5 patients who were lost to follow-up. 
Three patients with a history of restenosis (group 2) 
had clinical evidence of restenosis after new narrowing 
angioplasty, but did not undergo angiography; these pa- 
tients were excluded from analysis. Thus, data were an- 
alyzed from 50 patients without (group 1) and 40 with 
(group 2) prior restenosis. 

Statistical analysis: Data are presented as mean + 
standard error of the mean. A nonpaired student’s ¢ test 
was used to compare continuous variables, and a chi- 


TABLE II Angiographic Characteristics 


Group 1 (n = 50) 
No Prior 
Restenosis 


Group 2 (n = 40) 
Prior Restenosis 
Characteristic 


20 (50) 
23 (57.5) 


10 (20) 
23 (46) 


Multinarrowing PTCA 
Multivessel disease 
Stenosis before PTCA 


(%; mean + SEM) 

Stenosis after PTCA 
(%; mean + SEM) 

Narrowing location 
Left anterior descending 17 (34) 
Right 25 (50) 
Left circumflex 8 (16) 


15 (37.5) 
15 (37.5) 
10 (25) 


NS = not significant; PTCA = percutaneous transluminal coronary angioplasty; 


SEM = standard error of the mean. 





square analysis was used to compare proportions. Mul- 
tivariate analysis of all clinical and angiographic vari- 
ables was undertaken by a stepwise logistic regression 
procedure. A p value of <0.05 was considered statisti- 
cally significant. 


RESULTS 

Clinical characteristics: As listed in Table I, pa- 
tients without were significantly older than those with 
prior restenosis. There was a trend toward a greater 
percentage of men in the group with prior resteno- 
sis. Other clinical characteristics were similar in both 
groups. The mean interval in weeks between initial and 
new narrowing angioplasty procedures was significantly 
shorter in those patients who had had prior restenosis 
(110 vs 64 weeks, p = 0.002). 

Angiographic characteristics (Table Il): Multinar- 
rowing angioplasty (angioplasty at >1 site) was more 
frequent in the group with prior restenosis owing to 
the patients who underwent angioplasty of the resteno- 
sis narrowing from their initial angioplasty and the new 
narrowing angioplasty at the same time. When only 
new narrowings were analyzed, multinarrowing angio- 
plasty was performed with the same frequency in both 


No Restenosis Restenosis 


pete initial PTCA 
be vc Successful 





2 a Prior 
Restenosis 
(Group 2) 


o Prior 
Baie sedca 
(Group 1) 


Study Group 
New Lesion 
= PTCA 


6 Months 


Restenosis No Restenosis 


L Restenosis No Restenosis 





FIGURE 1. Flow diagram depicting patient selection for the 
study group. PTCA = percutaneous transluminal coronary an- 
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groups. There was no significant difference in severity 
of disease, PTCA result or location of narrowing be- 
tween the 2 groups. 

Restenesis: The incidence of restenosis after new 
narrowing angioplasty is shown in Figure 2. Restenosis 
occurred a ter new narrowing angioplasty in 22% (11 
of 50) of patients without (group 1) and in 50% (20 of 
40) of those with (group 2) prior restenosis (p <0.01). 

There was a similar difference in restenosis rates 
when determined by narrowing (Figure 3). Among pa- 
tients in group 1, restenosis was demonstrated in 19% 
(12 of 63) ef narrowings dilated, whereas in group 2, 
restenosis was found in 46% (22 of 48; p <0.002). The 
rate of recurrent restenosis after new narrowing angio- 
plasty was also determined. In group 1, of the 12 nar- 
rowings in which restenosis occurred, repeat angio- 
plasty was performed at all 12 sites. 1 site (8%) showed 
evidence of restenosis. In contrast, in group 2, of the 22 
narrowings in which restenosis occurred, 18 underwent 
repeat angioplasty. For 5 of these sites (28%), resteno- 
sis was found on follow-up angiography. All 5 of these 
sites were redilated, resulting in restenosis in 3 narrow- 
ings in 2 petients. This has been followed by continued 
success in | patient (1 narrowing) and by successful 
bypass surgery in the other. 

Multivariate analysis: Stepwise logistic regression 
analysis was performed to determine predictors of re- 
stenosis after new narrowing angioplasty. Included in 
the model were age, gender, hypertension, diabetes, his- 
tory of cigarette smoking, serum cholesterol and unsta- 
ble angina before new narrowing PTCA, as well as an- 
giographic =xtent of coronary disease, site of PTCA, 
severity of stenosis before and after PTCA, and history 
of restenosis. Three variables were independently asso- 


*p<0.01 
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ciated with restenosis of the new narrowing: prior re- 
stenosis, left anterior descending artery location of ste- 
nosis, and severity of stenosis at the site of the new 
narrowing before angioplasty. The relative risk of reste- 
nosis after new narrowing angioplasty was threefold 
higher in patients with than those without prior resteno- 
sis (95% confidence interval 1.26 to 9.21). Left anterior 
descending artery location of the new narrowing con- 
fers a similar risk. For every 10% change in the severity 
of stenosis before new narrowing PTCA, there was a 
1.8-fold increase in the risk of restenosis. 


DISCUSSION 

Although the rapid growth in the use of PTCA has 
been associated with an increase in acute success and a 
decrease in complications,®? the incidence of resteno- 
sis has remained unchanged.* Why 1 patient has reste- 
nosis and another does not is still unclear. Studies of 
large numbers of patients have identified characteristics 
(some narrowing-specific [“local”] and some patient- 
specific [“‘constitutional”]) that are associated with a 
higher restenosis rate. 

Previous investigators have used several strategies to 
investigate the relative importance of local and constitu- 
tional factors by attempting to vary | while holding the 
other constant. Lambert et al! studied multinarrowing 
PTCA and found that there were only constitutional 
differences (recent angina and diabetes) between pa- 
tients with restenosis at >1 site and those with no reste- 
nosis, and only local differences (pre- and poststenotic 
severity) between those with restenosis of only 1 nar- 
rowing and those with no restenosis. It was also report- 
ed that among 87 patients with 2 sites dilated, the num- 
ber of patients experiencing restenosis at both sites was 


*p<0.002 
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FIGURE 2. Incidence of restenosis after new narrowing percu- FIGURE 3. Incidence of restenosis by narrowing after new 


taneous tranduminal coronary angioplasty. 


narrowing percutaneous transluminal coronary angioplasty. 
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fewer than expected if the chance of restenosis of each 
narrowing was independent. This observation suggests 
that there are constitutional factors that will confer a 
tendency for or against restenosis. 

Glazier et al!! and Black et al!? reported that reste- 
nosis rates for patients undergoing PTCA of restenosis 
lesions were no higher than the rates after initial 
PTCA. Because all of these patients had had restenosis 
initially, the fact that their recurrent restenosis rate was 
not higher suggests that constitutional factors may not 
have an important influence on restenosis. Both Glazier 
and Black and their respective co-workers!>!3 have re- 
ported, however, that there are characteristics associ- 
ated with a second restenosis, namely a short interval 
between the first and second angioplasty procedures, as 
well as male sex and another site requiring dilation dur- 
ing the second angioplasty. Those patients with a sec- 
ond site dilated presumably had progression of both 
atherosclerosis and restenosis. These patients had a pre- 
disposition for restenosis; the patients without a second 
restenosis may have had the first restenosis for other, 
perhaps local, reasons. 

However, it must be pointed out that local factors 
are not actually held constant in these studies of recur- 
rent restenosis. Although the narrowings occur at the 
same site as initial angioplasty, these restenosis lesions 
have been shown to be histologically distinct from de 
novo atherosclerotic narrowings.*!4 Current theories re- 
garding the genesis of restenosis implicate platelet and 
cell-derived growth, and chemotactic factors in the cel- 
lular response to injury.>* It may well be that restenosis 
narrowings have a different response to injury than ath- 
erosclerotic narrowings. If this is the case, then conclu- 
sions drawn from these studies regarding constitutional 
factors may not be valid. 

In our study, the incidence of restenosis of de novo 
atherosclerotic narrowings is examined in light of histo- 
ry of restenosis. Thus, most constitutional factors were 
held constant, whereas local factors were allowed to 
vary. Prior restenosis was examined along with all of 
the previously identified clinical and narrowing-specific 
predictors of restenosis, and multivariate analysis was 
used to assess their relative impact on restenosis. We 
have identified that a single constitutional factor, histo- 
ry of restenosis, is independently associated with subse- 
quent restenosis. Our conclusion from this observation 
is that some individuals have a tendency to develop re- 
stenosis, and this tendency seems to be independent of 
other, previously recognized constitutional factors, such 
as diabetes! and serum cholesterol,!> that influence re- 
stenosis. 

Recently, it has been reported that progression of 
native atherosclerosis in a nondilated site is associated 


with a higher restenosis rate.'® All of the 100 study 
patients had progression of atherosclerosis. However, in 
contrast to the previous study, a high restenosis rate 
was seen only in patients in group 2 with both progres- 
sion of disease and prior restenosis. The interval be- 
tween initial and new narrowing angioplasty procedures 
in group 2 was shorter than in group 1l, suggesting 
more rapid progression of atherosclerosis in group 2. 
This earlier presentation may have been related to the 
20 patients in group 2 who had their new site dilated 
during the same procedure in which they underwent 
PTCA for restenosis of the initial narrowing. However, 
50% of patients in group 2 had their new narrowing 
PTCA performed entirely separate from their PTCA 
performed for restenosis of the initial narrowing; their 
interval between procedures was also shorter than pa- 
tients in group 1. This may represent more aggressive 
atherosclerosis in patients in group 2, which would lend 
support to the concept that atherosclerosis and resteno- 
sis, both proliferative responses to injury, may be more 
closely related than has been previously thought. 

Study limitations: There were only 100 patients in 
our data base who met the criteria for inclusion in the 
study group. Because of this relatively small number, 
the results, though statistically significant, should be 
confirmed in a larger data base. Ten patients were ex- 
cluded from analysis (10% of the study group). How- 
ever, in each case it is unlikely that their exclusion 
would have changed the findings of this study. The 2 
patients excluded from analysis owing to angiographic 
follow-up of the initial lesion before 90 days would not 
be likely to have had restenosis of either lesion, because 
they had not had restenosis of the initial lesion after 60 
days and did not develop symptoms thereafter. Among 
the 5 patients who were lost to follow-up from group 1 
(without prior restenosis), the rate of restenosis would 
be expected to be low because restenosis usually results 
in symptoms! that encourage patients to return for fol- 
low-up. 

Three patients from the group with prior restenosis 
developed symptoms suggesting restenosis after new 
narrowing PTCA, but did not undergo repeat angiogra- 
phy. These patients were likely to have had restenosis, 
but were excluded from analysis because this was not 
confirmed. Their exclusion should not have had an im- 
portant effect on the outcome of the study, because re- 
stenosis, if confirmed, would have supported the hy- 
pothesis. 

Restenosis without clinical symptoms or exercise 
test abnormalities has been reported in studies with an- 
giographic follow-up!:!’ to occur in 14 to 39% of pa- 
tients after successful coronary angioplasty. Because 
coronary angiography after new narrowing angioplasty 
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was not routinely performed in this retrospective study, 
patients wita clinically silent restenosis were indubitably 
present in Soth groups. It is possible that angiography 
might have been performed more frequently by the cli- 
nicians following patients with than without prior reste- 
nosis, thus biasing the sample toward a higher resteno- 
sis rate. However, a similar proportion of patients in 
groups | amd 2 (22 and 25%) underwent angiography 
without identification of restenosis. This suggests that 
there was net an important bias toward follow-up angi- 
ography in ‘he patients with prior restenosis. 
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Effectiveness of Sotalol in Preventing 
Supraventricular Tachyarrhythmias Shortly 
After Coronary Artery Bypass Grafting 


Maarten J. Suttorp, MD, J. Herre Kingma, MD, PhD, Hans O. J. Peels, MD, 
Egbert M. Koomen, MD, Jan G. P. Tijssen, PhD, Norbert M. van Hemel, MD, 
Jo A. M. Defauw, MD, and Sjef M. P. G. Ernst, MD 


To investigate the effectiveness and safety of 
low-dose sotalol (a class Ill antiarrhythmic £- 
blocking agent) in the prevention of supraven- 
tricular tachyarrhythmias (SVTs) and to identify 
predictors for the occurrence of these arrhyth- 
mias shortly after coronary artery bypass graft- 
ing, 300 consecutive patients were randomized 
in a double-blind, placebo-controlled fashion. Pa- 
tients with severely depressed left ventricular 
function or other contraindications for 8 blockers 
were excluded. Beginning at 4 hours and up to 
the sixth day after surgery, 150 patients re- 
ceived 40 mg of sotalol every 6 hours and 150 
patients received placebo every 6 hours. SVT 
was observed in 24 (16%) of 150 low-dose sota- 
lol- and in 49 (33%) of 150 placebo-treated pa- 
tients [p <0.005]. In patients receiving sotalol, 
atrial fibrillation was the only noted tachyar- 
rhythmia, whereas in the placebo group, 42 
(28%) patients had atrial fibrillation, 3 (2%) atri- 
al flutter, 1 (0.7%) atrial tachycardia and 3 (2%) 
sinus tachycardia. Drug-related adverse effects 
necessitating discontinuation of the drug were 
noted in only 2 (1%) sotalol-treated patients and 
4 (3%) placebo-treated patients (p = not signifi- 
cant). For both groups, univariate analysis indi- 
cated that older age, 1- or 2-vessel coronary ar- 
tery disease, long bypass (2150 minutes) and 
aorta cross-clamp time (2120 minutes) were 
predictive variables for the occurrence of SVTs. 
Multivariate analysis showed that male sex 
(odds ratio 2.3), 1- or 2-vessel coronary artery 
disease (odds ratio 2.0) and older age (odds ratio 
1.1) were independent risk factors for increased 
occurrence of postoperative SVT. The prophy- 
lactic use of low-dose sotalol [odds ratio 0.3] 
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gave considerable and safe protection against 
the occurrence of SVTs shortly after coronary 
artery bypass grafting. 

(Am J Cardiol 1991;68:1163-1169) 


cially atrial fibrillation, are frequent occurrences 

in patients shortly after coronary artery bypass 
grafting (CABG). Such rhythm disturbances are re- 
ported in up to 40% of patients who do not receive drug 
therapy.!~3 Soon after surgery, these arrhythmias may 
have serious hemodynamic consequences and could re- 
quire additional drug therapy, cardiac pacing or even 
electrical cardioversion. Inconsistent data have been re- 
ported from studies on the efficacy of various forms of 
medical therapy in the control and prevention of SVTs 
immediately after CABG.!~? 

Sotalol, a relatively new 6-blocking agent with addi- 
tional class III antiarrhythmic properties, appears to be 
effective in suppressing both supraventricular and ven- 
tricular arrhythmias.?? It seems to be a valuable drug 
for blocking 8 receptors as well as for lengthening the 
refractory period of cardiac muscle. These properties 
should be of value for treatment and prevention of 
SVTs. Although only 2 randomized studies, both of 
which were open-label, investigated the preventive ef- 
fect of sotalol in patients after CABG, no large-scale 
double-blind placebo-controlled trial has compared the 
effectiveness of sotalol for controlling SVTs shortly af- 
ter surgery.!*:24 In addition, analyses of predictors for 
the development of these SVTs are still very limit- 
ed.!!.25-28 The present study evaluates, in a double- 
blind fashion, the efficacy and safety of oral low-dose 
sotalol compared with placebo in the prophylactic treat- 
ment of SVTs shortly after CABG. Another objective 
was to identify independent risk factors for the occur- 
rence of SVTs. 


S upraventricular tachyarrhythmias (SVTs), espe- 


METHODS 

Patient selection: From September 1989 to Febru- 
ary 1990, 303 consecutive patients were entered into 
this study immediately after CABG. Approval by the 
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institutional review board was obtained. All patients 
gave informed consent before entering the study. Pa- 
tients were mcluded after they had undergone CABG 
without concomitant procedures (valve replacement, 
ventricular cneurysmectomy or others), provided that 
sinus rhythir was present. Only patients with a left ven- 
tricular ejection fraction <40% or a postoperative rest- 
ing ventricuEr rate <50 beats/min, or both, were ex- 
cluded. Patients were also excluded if they had a histo- 
ry of obstructive lung disease, recurrent or persistent 
SVT during the first 4 hours after surgery, conduction 
disturbances (second- or third-degree atrioventricular 
block or QTe interval >0.45 second, or both), ventricu- 
lar tachycardia or fibrillation immediately after sur- 
gery, postoperative intraaortic balloon pumping, inotro- 
pic support før 6 hours or more, renal failure (serum 
creatinine >2.5 mg/dl), potassium ion concentration 
not between 3.5 and 5.3 mmol/liter, or had any other 
contraindications to the use of 8 blocking drugs. Digox- 
in or other antiarrhythmic drugs were not allowed im- 
mediately after CABG. 

CABG was performed by means of standard tech- 
niques as previously described by our group.”4 

Drug adnanistration: Patients were randomized in a 
double-blind fashion to receive either sotalol (40 mg ev- 
ery 6 hours) or placebo (placebo dose every 6 hours). 
Patients were randomized immediately after surgery on 
arrival at the intensive care unit. Therapy was begun 
within 4 to @ hours after CABG and continued until 
the sixth pos operative day. 

Patient evaluation: All patients were observed for 
>60 hours br continuous electrocardiographic monitor- 
ing in the intensive care unit. The investigators exam- 
ined patients daily and reviewed all rhythm recordings. 
The occurrence of arrhythmias throughout the patient’s 
postoperative hospital stay was reported every 6 hours 
and documented by the attending nurse and verified by 
the supervising physician. In addition, a 12-lead electro- 
cardiogram was recorded for patients with complaints 
of palpitatiors or whenever signs of arrhythmias ap- 
peared (irregular pulse or a pulse rate exceeding the 
range of 50 to 100 beats/min, or both). For all pa- 
tients, a standard 12-lead electrocardiogram was ob- 
tained preoperatively, the first postoperative day and 
the day before discharge from the hospital. 

End points of study: Therapy was considered a fail- 
ure if sustained SVT (atrial fibrillation, flutter or atrial 
tachycardia) occurred. Sustained SVT was defined as 
any symptomatic atrial arrhythmia or an episode of ar- 
rhythmia last ng >30 seconds, or both, or persistent si- 
nus tachycardia defined as a heart rate >120 beats/ 
min and necessitating treatment with 8 blockers. In pa- 
tients with sustained SVT, trial medication was discon- 
tinued. Patierts were treated with full digitalization or 
quinidine, or oth, and if necessary with electrical car- 
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dioversion. In patients with persistent sinus tachycardia, 
trial medication was stopped and treatment with a 8- 
blocking agent was begun. The occurrence of severe ad- 
verse effects was also a reason for discontinuation of the 
drug: mean heart rate <50 beats/min, systolic blood 
pressure <95 mm Hg, or evidence of respiratory dis- 
tress. To prevent bleeding complications, trial medica- 
tion was also discontinued if hypertension (systolic 
blood pressure >160 mm Hg) occurred in the early 
postoperative period. 

Statistical analysis: The occurrence of postoperative 
SVT was studied by both univariate and multivariate 
analysis. For all patient variables, risk or odds ratios 
and their 95% confidence intervals were estimated. To 
determine which patient variables were independent 
predictors for the occurrence of postoperative tachyar- 
rhythmia, a stepwise logistic regression procedure was 
performed. Variables were included in the model if the 
p value for inclusion was <0.10; variables were re- 
moved if the p values for removal were >0.15. Mean 
values + standard deviations were given for continuous 
variables and were analyzed by means of Student’s t 
test for unpaired variables. The chi-square test or Fish- 
er’s exact test was used to compare discontinuous vari- 
ables when appropriate. 


RESULTS 

During the trial period, 542 patients underwent car- 
diac or thoracic aorta surgery. Most patients (395) un- 
derwent CABG, 125 had valvular surgery (combined 
with CABG in 25) and 22 others had miscellaneous 
procedures including thoracic aorta and arrhythmia 
surgery. Initially, 303 (77%) of 395 patients were en- 
tered into this study. The data from 3 patients were 
excluded from analysis because of protocol violations (2 
patients had taken the trial medication improperly and 
| had obstructive lung disease). Therefore, the results 
are based on analysis of data from 300 patients: 150 
patients who received sotalol and 150 who received pla- 
cebo. Baseline characteristics of the 2 groups are listed 
in Table I and were fully comparable. Up to discharge 
from the hospital, no perioperative or postoperative 
deaths occurred among patients entered into this study. 

Treatment failure occurred in 16% (24 of 150) of 
patients who received sotalol and in 33% (49 of 150) of 
those who received placebo (risk ratio, 0.5; 0.3 to 
0.8). This finding was highly statistically significant (p 
<0.005). Subgroup analysis revealed that the effect of 
sotalol was fully comparable in the different categories 
of age. Sustained atrial fibrillation was the tachy- 
arrhythmia most frequently seen in both treatment 
groups. Atrial fibrillation was the only rhythm distur- 
bance in patients receiving sotalol. In the placebo 
group, 42 patients (28%) had atrial fibrillation, 3 (2%) 
had atrial flutter, 1 (1%) had atrial tachycardia and 3 


1164 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 1, 1991 


(2%) had sustained sinus tachycardia. After the occur- 
rence of SVT, sinus rhythm was successfully restored in 
97% of the patients before the seventh postoperative 
day. 

The occurrence of SVT in all patients was at 1.8 + 
1.0 days (range 0.3 to 5.0). The first occurrence of 
tachyarrhythmia in the sotalol-treated patients was at 
1.5 + 0.5 days (range 0.6 to 2.4) versus 1.9 + 1.2 
days (range 0.3 to 5.0) in the placebo-treated patients 
(p = not significant). The time to the occurrence of 
SVT is illustrated in Figure 1. In 88% (21 of 24) of 
patients treated with sotalol and 67% (33 of 49) of 
those treated with placebo, SVT occurred within 48 
hours after CABG (p = not significant). 

Just before start of the study, baseline postoperative 
heart rates were not significantly different in patients 
treated with sotalol or placebo (83 + 15 vs 84 + 15 
beats/min). From the first postoperative day mean 
heart rates were significantly lower in patients receiving 
sotalol than in the placebo-treated patients (Figure 2). 
Also, in patients treated with sotalol, the mean maxi- 
mal heart rate during SVT was lower (121 + 21 vs 138 
+ 24 beats/min) than in those treated with placebo (p 
<0.005). 

Adverse effects possibly related to the treatment 
drug and necessitating discontinuation of the drug or 
placebo were observed in 2 patients (1%) receiving so- 
talol (respiratory distress in both) and in 4 (3%) receiv- 
ing placebo (persistent nausea, hypotension with sinus 
bradycardia and third-degree atrioventricular block in 2 
patients). Severe hypertension was observed in 1 patient 
in each treatment group. 

The results of univariate analysis of preoperative, 
perioperative and postoperative determinants of the risk 
for developing SVT are listed in Table II. They indicate 
that older age, 1- and 2-vessel coronary artery disease, 
very long bypass (2150 minutes) and aorta cross- 


TABLE I Patient Characteristics* 


Mean age (years) 

Men (%) 

Mean angina class 
(NYHA) 

Prior CABG (%) 

History of SVT (%) 

Prior MI (%) 

Preoperative medication 
B blocker (%) 
Digoxin (%) 

Severe 3-vessel or left 
main disease 

Left ventricular function 
Normal (%) 
Slightly abnormal (%) 

Mean bypass time (min) 


Sotalol 
(n = 150) 


62 + 8.4 
121 (80) 
2.9+0.7 


14 (9) 
8 (5) 
75 (50) 


118 (79) 
4 (3) 
115 (77%) 


85 (57) 
65 (43) 
107 + 38 
69 + 30 


Placebo 
(n = 150) 


62 + 9.5 
113 (75) 
2.9+0.8 


22 (15) 
4 (3) 
77 (51) 


108 (72) 
7 (5) 
114 (76%) 


97 (65) 
53 (35) 
109 + 48 
68 + 31 


Mean cross-clamp time 
(min) 
Mean no. of anastomoses 4.0+ 1.4 40+1.3 
Perioperative MI 1 (1%) 1 (1%) 
*The difference was not significant for any factor. 


CABG = coronary artery bypass grafting; Ml = myocardial infarction; NYHA = New 
York Heart Association classification; SVT = supraventricular tachyarrhythmia. 





clamp time (=120 minutes) were predictive for the oc- 
currence of tachyarrhythmia in both treatment groups. 
A history of SVT and severe angina pectoris (class 
III/IV) showed a trend for increased risk for postoper- 
ative atrial arrhythmias only in the sotalol group. Pre- 
operative use of digoxin was associated with an in- 
creased risk of developing SVT in the sotalol-treated 
patients, although the small numbers of patients pre- 
cluded definitive conclusions. A high heart rate just be- 
fore the start of trial medication was not a risk factor 
for developing SVTs shortly after CABG. However, 
the effectiveness of sotalol in preventing SVT seemed 
greater in patients (11%) with a mean heart rate >80 
beats/min than in those (21%) with a lower mean 
heart rate immediately after surgery. Cardiomegaly as 


Cummulative no. of pts with SVT 


FIGURE 1. The time to the occurrence of 


-&} Placebo 


—*- Sotalol 


2 3 4 
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seen on chest x-ray indicated a considerable risk for the 
occurrence of SVTs in patients who received placebo. 

A stepwise logistic regression procedure showed 4 
independen: variables to be predictive for the occur- 
rence of SVT shortly after CABG (Table III). Postop- 
erative -blocker therapy with low-dose sotalol protect- 
ed patients ‘rom the development of these SVTs. Three 
other independent characteristics (patient’s sex, older 
age, and l- or 2-vessel coronary artery disease) signifi- 
cantly increased the risk of SVTs shortly after surgery 
regardless the use of sotalol. No relation was found 
with regard to the severity of preoperative angina pec- 
toris, preoperative use of 6 blockers or digoxin, prior 
myocardial infarction, prior CABG, history of SVT, 
duration of bypass or aorta cross-clamp times or the 
number of anastomoses. 


DISCUSSION 

SVTs frequently complicate the early postoperative 
course after CABG. Although the occurrence of these 
arrhythmias shortly after CABG are not often life- 
threatening, they can jeopardize hemodynamic stability 
or lead to irtolerable symptoms. The spectrum of inci- 
dence of postoperative SVT reported in studies in pa- 
tients shortly after CABG varies between 11 and 100% 
(mean incidence 33.4), with a peak incidence of SVTs 
within the fæst 3 days after CABG.? Inconsistent data 
have been reported regarding the effectiveness and safe- 
ty of various drugs in preventing SVTs early after sur- 
gery. That mconsistency could be explained in part by 
the many variables introduced during and after CABG; 
however, ths could also be due to patient selection and 
differences m electrocardiographic monitoring. Some 
studies have been criticized for suboptimal study de- 
signs such as open randomization.!?:!3 The reported 
success rates for preventing SVTs with several drugs 


Heart rate (beats/min) 
10 


—*- Sotalol 


2 3 4 
Days post-operative 
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varies from 100% in patients treated with acebutolol 
started at 36 hours after CABG to 0% in patients 
treated with digoxin starting immediately after opera- 
tion.!>.?° Therefore, prophylactic treatment with vari- 
ous 6-blocking agents or digoxin remains a controver- 
sial subject, although more recent studies recommend 
6-blocking therapy for prevention of SVTs shortly after 
CABG.?? 

To our knowledge, this is the first large-scale, dou- 
ble-blind, randomized study in which sotalol was com- 
pared with placebo in preventing sustained SVT. Fur- 
thermore, another objective was to identify risk factors 
for developing SVT early after CABG. The study was 
performed with sotalol, because this relatively new 8 
blocker possesses additional class III antiarrhythmic 
properties compared with the conventional 8-blocking 
agents. 

A substantial reduction of tachyarrhythmias shortly 
after CABG of 250% was observed in patients with 
preserved left ventricular function. SVT occurred in 
16% of patients treated with sotalol and in 33% of pa- 
tients treated with placebo. The antiarrhythmic effect 
of sotalol was also demonstrated by a significant de- 
crease in mean heart rate during sinus rhythm from the 
first postoperative day. 

The use of continuous electrocardiographic monitor- 
ing was only applied during the early postoperative pe- 
riod. The large number of inclusions in a short enroll- 
ment period precluded long-term electrocardiographic 
monitoring outside the intensive care unit. By this 
method nonsustained episodes of SVT might have been 
missed. However, in this study nonsustained atrial 
tachyarrhythmias were disregarded because we feel 
that only sustained or symptomatic SVTs, or both, ne- 
cessitate prompt intervention for control of ventricular 
rate and for conversion to sinus rhythm. 


FIGURE 2. The mean postoperative heart 
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TABLE II Univariate Analysis of Variables for the Risk of Postoperative Supraventricular Tachyarrhythmia* 











Variables 








Age (years) 
































Sotalol 


SVT 
(no. of pts.) 


RR 
(95% Cl) 





Placebo 


SVT 
(no. of pts.) 





RR 
(95% Cl) 


>70 38% (8/21) 3.5 (1.4-8.5) 54% (15/28) 2.3 (1.3-4.0) 
61-70 14% (9/65) 1.3 (0.5—3.2) 33% (18/54) 1.4 (0.8-2.5) 
< 60 11% (7/64) 24% (16/68) 

Sex 
Men 17% (21/121) 1.7 (0.5—5.2) 33% (37/113) 1.0 (0.6—1.7) 
Women 13% (3/29) 32% (12/37) 

Previous MI 
Yes 13% (10/75) 0.7 (0.3-1.5) 34% (26/77) 1.1 (0.7—1.7) 
No 19% (14/75) 32% (23/73) 

Previous SVT 
Yes 38% (2/8) 2.5 (1.0-6.7) 50% (2/4) 2.1 (0.2—21.8) 
No 15% (21/142) 32% (47/146) 

Previous CABG 
Yes 23% (3/13) 1.5 (0.5—4.4) 40% (8/20) 1.3 (0.7—2.3) 
No 15% (21/137) 32% (41/130) 

Preoperative B blockers 
Yes 16% (19/118) 1.0 (0.4—2.6) 35% (38/108) 1.3 (0.7—2.3) 
No 16% (5/32) 26% (11/42) 

Preoperative digoxin 
Yes 75% (3/4) 5.2 (2.6—-10.4) 29% (2/7) 0.9 (0.3-2.9) 
No 14% (21/146) 33% (47/143) 

Coronary artery disease 
3-VD/left main 15% (17/115) 0.7 (0.3—1.6) 28% (32/114) 0.6 (0.4—0.9) 
1-VD/2-VD 20% (7/35) 47% (17/36) 

Angina pectoris (NYHA) f 
Ill-IV 20% (21/107) 2.8 (0.9-9.0) 32% (35/108) 1.0 (0.6-1.6) 
|-| 7% (3/43) 31% (14/42) 

Heart rate before treatment 
> 80 beats/min 11% (9/80) 0.5 (0.3—1.1) 34% (31/92) 1.1 (0.7—1.8) 
< 80 beats/min 21% (15/70) 31% (18/58) 

Bypass time > 150 min 
Yes 25% (4/16) 1.3 (0.7—4.3) 50% (8/16) 1.6 (0.9-2.9) 
No 15% (20/134) 31% (41/134) 

Aorta cross-clamp time > 120 min 
Yes 30% (3/10) 2.0 (0.7—5.6) 56% (5/9) 1.8 (0.9-3.4) 
No 15% (21/140) 31% (44/141) 

Total distal anastomosis 
>3 17% (17/98) 1.3 (0.6—2.9) 34% (33/98) 1.1 (0.7—1.8) 
<3 14% (7/52) 31% (16/52) 

CTR after CABG 
> 0.50 14% (11/77) 0.8 (0.4—1.7) 40% (24/60) 1.6 (1.0-2.5) 
<0.50 18% (13/73) 26% (22/86) 












*The risk ratios and 95% confidence intervals are given for patients treated with sotalol and placebo. 
CABG = coronary artery bypass grafting; Cl = confidence intervals; CTR = cardiothoracic ratio; MI = myocardial infarction; NYHA = New York Heart Association; RR = risk ratios; 
SVT = supraventricular tachyarrhythmia; VD = vessel disease. 









Atrial fibrillation has been reported to be the pre- mal design and a limited number of patients. Another 
dominant arrhythmia shortly after CABG.? This is unblinded randomized study, performed by our group, 
confirmed by our study; 86% of all atrial arrhythmias compared sotalol with propranolol in 2 different dos- 
were atrial fibrillation in the placebo-treated patients. ages.*4 The incidence of SVTs was 14 and 11%, respec- 
Strikingly, atrial flutter or atrial tachycardia did not 
occur in patients treated with low-dose sotalol, in con- 
trast to the placebo-treated patients; however, the small 


TABLE IlI Multivariate Analysis for Patient Variables by Means 
of Stepwise Logistic Regression* 


numbers of patients preclude definitive conclusions. Varabled 
Furthermore, maximal heart rates during SVT in pa- CAAA IA 0.20.6) 
tients treated with sotalol were significantly lower than Male sex ; (1.1-5.0) 


1- or 2-vessel CAD ; (1.1-—3.9) 
Age (years) . (1.0—1.1)t 


*The odds ratios and 95% confidence intervals are given for those variables with 
independent influence on the occurrence of postoperative supraventricular tachyarrhyth- 
mia. 

tOdds ratio per year of age. 

CAD = coronary artery disease; Cl = confidence interval; OR = odds ratio. 


those in the group given placebo. 

Only 2 reports have described the preventive effect 
of sotalol after CABG.!374 Janssen et al!? observed a 
reduction in SVTs after surgery from 36 to 2.4%. How- 
ever, this randomized open-label study had a subopti- 
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tively, in Jatients treated with either low-dose sotalol 
(40 mg every 8 hours) or high-dose sotalol (80 mg ev- 
ery 8 hours). However, in the patients treated with high 
dosages, adverse effects were seen significantly more of- 
ten. 

Multivariate analyses of predictors for the develop- 
ment of SVTs shortly after cardiac surgery are still 
very limited.!'>-28 In this study, we found that male 
gender anc older age, as well as 1- or 2-vessel coronary 
artery disease, were independent risk factors for devel- 
oping these SVTs. Surprisingly, male sex and older age 
were not predictive variables for the occurrence of 
SVTs whea univariate analysis was used. However, 
that observation can be explained by confounding of 
sex with aze. One- or 2-vessel coronary artery disease 
as a predictor was an unexpected finding but could be 
due to a statistical artifact. However, one may also 
speculate that the severity of angina pectoris in this 
group of patients was more prominent, which encour- 
aged CABS despite 1- or 2-vessel coronary artery dis- 
ease. This is supported by findings from the Coronary 
Artery Surzery Study registry, reporting that the num- 
ber of diseased coronary arteries was negatively related 
to the occurrence of atrial fibrillation.27° The multivari- 
ate analysis clearly showed that the use of low-dose so- 
talol protected patients against SVTs after CABG. 
This reduction in the risk by giving sotalol was indepen- 
dent of the initial risk of SVTs. These findings were in 
accord with those of Fuller et al,?” although their re- 
sults of the use of 6 blockers were obtained from a 
retrospective analysis. In a retrospective case-control 
study, Dixen et al?5 observed that age >60 years, ra- 
diographic cardiomegaly and left atrial enlargement 
predict pos.operative atrial arrhythmias. Roffman and 
Fieldman*© demonstrated that only patient age and 
aorta cross-clamp time were independent risk factors, 
although that study was not randomized. In contrast, in 
a randomized prospective study, Rubin et al!! demon- 
strated that no preoperative, intraoperative or postoper- 
ative characteristics predict patients who have an in- 
creased risk for postoperative atrial fibrillation. Recent- 
ly, Leitch et al?® reported that atrial arrhythmias are 
most strongly related to advanced age and are unassoci- 
ated with preoperative left ventricular function and the 
extent of coronary artery disease. 

It is strixing that the preoperative usage of 6-block- 
ing agents joes not increase the risk for postoperative 
SVT, which is in agreement with some other reports.25 
Clearly, in eontrast to previous reports, the concept that 
-blocker withdrawal causes postoperative atrial ar- 
rhythmias Cue to hypersensitivity to adrenergic stimula- 
tion may not seem valid.!%!>.22.26 Therefore, surgery- 
related causes or, in particular, the hyperadrenergic 
state that eccurs during the immediate postoperative 
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period seem to be more attractive hypotheses for the 
cause of SVTs early after CABG,!73!32 However, 
whether this hypothesis is also true in patients with an 
impaired left ventricular function was not addressed in 
this study. 

This study clearly demonstrates that prophylactic 
use of low-dose sotalol is effective and safe therapy for 
reducing the incidence of SVT shortly after CABG in 
patients with preserved left ventricular function. In ad- 
dition, multivariate analysis showed that male sex, 1- or 
2-vessel coronary artery disease and older age are inde- 
pendent risk factors for developing postoperative SVT 
shortly after CABG. 
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in Middle-Aged Men 


Annika Rosengren, MD, Gösta Tibblin, MD, and Lars Wilhelmsen, MD 





Self-perceived psychological stress as a risk fac- 
tor for coronary artery disease (CAD) was evalu- 
ated in a general population study comprising 
6,935 men aged 47 to 55 years at baseline with- 
out previous myocardial infarction. In 1970 to 
1973, the men answered a question about psy- 
chological stress defined as a feeling of tension, 
irritability or anxiety, or as having sleeping diffi- 
culties as a result of conditions at work or at 
home. Psychological stress was graded as fol- 
lows: (1) never experienced stress; (2) 21 period 
of stress; (3) 21 period of stress during the last 
5 years; (4) several periods of stress during the 
last 5 years; and (5 to 6) permanent stress dur- 
ing the last year or the last 5 years. After a 
mean follow-up of 11.8 years, 6% of the men 
with the lowest 4 stress ratings (n = 5,865) had 
either developed a nonfatal myocardial infarction 
or died from CAD, with no increase in risk from 
grade 1 to 4. The corresponding figure among 
the men with the highest 2 stress ratings 
(n = 1,070) was 10%; the odds ratio was 1.5 
(95% confidence interval 1.2-1.9) after control- 
ling for age and other risk factors. Similar, inde- 
pendent associations were seen with stroke, and 
with death from cardiovascular disease and from 
all causes, but not with death from cancer. With 
respect to CAD, no decrease in the effect of 
stress at baseline could be seen over time. No re- 
lation between life events and self-perceived psy- 
chological stress was found in another sample of 
732 fifty-year-old men. 

(Am J Cardiol 1991;68:1171-1175) 
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n recent years, epidemiologic research concerning 

the etiology of coronary artery disease (CAD) has 

been increasingly directed toward environmental 
and psychosocial factors, such as socioeconomic sta- 
tus,!-2 social support?-* and occupational stress.°-* Inev- 
itably, the concept of stress enters either implicitly or 
explicitly into most of this research. In the public eye, 
stress is commonly held to be one of the more impor- 
tant causes of myocardial infarction. A vast body of 
literature connects various psychosocial factors with 
CAD’; however, the evidence connecting CAD with 
stress, per se, is not very extensive. Stress research has 
traditionally focused primarily on the consequences of 
stressful stimuli for individual persons, not populations.® 
Recognizing the possible importance of stress as a risk 
factor, a question on stress was asked in 1970 to 1973 
of all participants in a large prospective study on CAD 
in middle-aged men. In the present study, we analyzed 
cardiovascular and other end points during 11.8 year 
follow-up in relation to self-perceived stress at baseline. 


METHODS 

The study population of the first part of this study 
comprises the intervention group of the Multifactor Pri- 
mary Prevention Trial in Géteborg, the main results of 
which have been previously published.’ This study be- 
gan in 1970 and included all men in Göteborg who 
were born between 1915 and 1925, with the exception 
of those born in 1923. The intervention group of 10,000 
men represents a random third of the men in the trial 
with 2 equally large control groups. In all, 7,495 men 
aged 47 to 55 years (75% of those invited) attended a 
screening examination that took place between January 
1970 and March 1973. A second screening began in 
1974 and was completed in 1977. All surviving men 
from the intervention group who still lived in Göteborg 
(n = 9,411) were invited to this second screening; the 
response rate was 76%. 

The same methods were used for both screenings. 
All participants completed a postal questionnaire before 
the examination. The questionnaire contained an item 
in which stress was defined as feeling tense, irritable or 
filled with anxiety, or as having sleeping difficulties as a 
result of conditions at work or at home. The men were 
asked whether they had experienced this and to check | 
of the following choices: (1) never experienced stress; 
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TABLE I Incidence of Coronary Artery Disease, Stroke, and Death from Cancer, Other Causes and All Causes During Follow-Up by 


Self-Perceived Stress 


Stress 
Rating 


Coronary 
artery disease 
Stroke 
Death from: 
Cardiovaseular 
disease 
Cancer 
Other causes 
All causes 


6.0 (70) 
1.4 (16) 


6.7 (100) 
1.3 (20) 


6.8 (89) 
1.3 (17) 


3.9 (45) 
3.2 (37) 


3.3 (49) 
3.1 (47) 
2.6 (30) 1.8 (27) 
9.6 (112) 8.2 (123) 


*Self-perceivec stress rating 5 to 6 vs 1 to 4, unadjusted. 


3.8 (50) 
3.0 (39) 
2.0 (26) 
8.8 (115) 


6.0 (114) 
1.7 (33) 


3.1 (59) 
2.5 (48) 
2.6 (49) 
8.2 (156) 


Odds Ratio* 
(95% Cl) 


Odds Ratiot 
(95% Cl) 


11.4 (32) 
1.1 (3) 


9.3 (73) 
2.9 (23) 


1.6 (1.3—2.0) 
1.7 (1.1-2.6) 


1.5 (1.2-1.9) 
1.8 (1.1-2.8) 


5.0 (14) 
4.3 (12) 
4.3 (12) 
13.5 (38) 


6.1 (48) 
1.8 (14) 
4.3 (34) 
12.2 (96) 


1.7 (1.3-2.3) 
0.8 (0.5-1.3) 
2.0 (1.4-2.7) 
1.5 (1.2—1.9) 


1.7 (1.2-2.4) 
0.8 (0.5—1.3) 
1.4 (0.97—2.1) 
1.4 (1.1-1.7) 


tSelf-perceivec stress rating 5 to 6 vs 1 to 4, adjusted for age, systolic blood pressure, serum cholesterol, smoking, body mass index, diabetes, family history of myocardial infarction, 
occupational class, marital state, leisure time physical activity and registration for alcohol abuse. 


Cl = confidence interval. 


(2) =1 period of stress; (3) some period of stress during 
the last 5 years; (4) several periods of stress during the 
last 5 years; (5) permanent stress during the last year; 
or (6) permanent stress during the last 5 years. 

The questionnaire also contained questions on smok- 
ing habits, ohysical activity during leisure, diabetes, 
previous myocardial infarction, symptoms of cardiovas- 
cular disease and family history of myocardial infarc- 
tion. Physical activity during leisure was graded | to 4, 
with | denot mg sedentary leisure time activity. Occupa- 
tional class was defined as previously described.!° Data 
on alcohol abuse!! were collected from official registers 
with special permission. At the screening examination, 
blood pressure was measured to the nearest 2 mm Hg 
after 5 minutes’ rest with the subject seated. Body mass 
index was calculated as wt/ht?. Serum cholesterol was 
determined according to standard laboratory proce- 
dures. 

Follow-up extended through March 1983 (mean 
follow-up fram the first screening 11.8 years, and from 
the second screening 7.1). All men with previous myo- 
cardial infarction according to the questionnaire, as 
well as those with incomplete data, were excluded from 
the analyses concerning the first, longer follow-up peri- 
od, leaving €.935 men. Only men with complete data 
from the second screening and no myocardial infarction 
before the secend screening were included in the later, 
shorter follow-up period (n = 6,003). 

All nonfazal myocardial infarction and stroke cases 
in Göteborg are recorded according to specific crite- 
ria.!>13 Death certificates for the men in the study were 
continuously collected, and the Swedish national cause- 
specific death register was matched against the com- 
puter file for all the men. Cause-specific mortality was 
coded by 2 physicians according to the eighth revision 
of the Intermational Classification of Diseases. CAD 
was defined as all subjects with nonfatal myocardial 
infarction or death attributed to CAD, or both, during 
follow-up. Angina pectoris is not included. 
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The Primary Prevention Study was designed as an 
intervention study, with special measures for smokers, 
as well as for men with hypertension or hypercholester- 
olemia. There were no significant differences in pattern 
of risk factors or outcome with respect to cardiovascu- 
lar disease, cancer or mortality between the interven- 
tion group and 2 equally large control groups,? which 
means that the intervention group may be regarded as 
representative of the male middle-aged population in 
Göteborg during this period of time. 

To evaluate the possible association between stress 
and stressful life events, a second study was performed 
in a smaller sample of men, all born in 1933 and resi- 
dent in Göteborg. The men in the sample (n = 1,016), 
all aged 50 years, were invited to a screening examina- 
tion in 1983 to 1984. An item regarding stress, identical 
to the one in the Primary Prevention Study, was used in 
a questionnaire that was filled out by 732 men with no 
history of myocardial infarction. At the examination, 
another questionnaire on life events was distributed. Af- 
ter a 6 year follow-up ending on December 31, 1989, a 
total of 26 of the respondents had either developed a 
nonfatal myocardial infarction or died from CAD. 

Possible associations between continuous and graded 
variables were tested using a nonparametric permuta- 
tion test.!4 Odds ratios were calculated for the 2 highest 
stress ratings (i.e., permanent stress during either the 
last year or the last 5 years), with men with the 4 low- 
est stress ratings as a comparison group. Adjusted odds 
ratios were calculated by logistic regression.!> 


RESULTS 

Table I lists the various end points of the study in 
relation to psychological stress. No increase in risk for 
any end point was detectable for men with self-per- 
ceived stress ratings of 1 to 4. For men with the highest 
stress ratings (i.e., permanent stress during either the 
last year or the last 5 years), there was a significant 
increase in risk of CAD (fatal and nonfatal). The same 
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TABLE II Risk Factors in Men with High and Low 
Self-Perceived Stress Ratings 


Self-Perceived Stress 


Risk 1to4 5 to 6 p 
Factor (n = 5,865) (n = 1,070) Value 


Serum cholesterol, 6.45 (1.16) 6.42 (1.12) 0.51 
mmol/l (SD) 

Systolic blood pressure, 
mm Hg (SD) 

Body mass index, kg/ 
m? (SD) 

Smoking, % (n) 

Diabetes, % (n) 

Married, % (n) 

Family history of myocar- 
dial infarction, % (n) 

Registered for alcohol 
abuse, % (n) 

Low occupational class (1 
to 2), % (n) 

Low physical activity (1), 
% (n) 


148.8 (22.0) 146.6 (22.0) 0.0024 


25.5 (3.2) 25.7 (3.5) 0.084 
47.7 (2799) 
1.8 (104) 
85.9 (5036) 


19.9 (1165) 


59.0 (631) 0.0001 
2.1 (23) 0.40 
80.0 (856) 0.0001 
23.0 (246) 0.023 
6.0 (353) 


10.8 (116) 0.0001 


46.6 (2732) 49.9(534) 0.0005 


22.9 (1345) 37.4(400) 0.0001 





pattern was apparent for deaths from cardiovascular 
disease and from all causes, whereas stroke had an in- 
crease among men with the highest stress rating only. 

Because the relation between CAD and psychologi- 
cal stress was nonlinear, with only men with the highest 
2 stress ratings displaying an increase in risk, these men 
will be considered together in the following. Table II 
shows that men with stress rating 5 or 6 were more 
frequently smokers and registered for alcohol abuse, 
and were also less active during leisure time than the 
rest of the men. They also had slightly lower blood 
pressure levels. Adjustment for other risk factors when 
comparing men with stress ratings 5 to 6 with those 


Percent 


10 







TABLE IlI Incidence of Coronary Artery Disease and Mortality 
from All Causes During 7.1 Years Follow-Up from the Second 
Screening in 1974 to 1977 by Self-Perceived Stress Ratings at 
Both Screenings 



























Incidence of 


Coronary Artery Mortality from 

Disease All Causes 
Self-Perceived 
Stress Rating Odds Ratio Odds Ratio 
(no. of men) % (n) (95% Cl) % (n) (95% Cl) 








Low* ratings at 4.5 (215) 5.7 (271) 
both screen- 
ings 
(n = 4,728) 

High* stress 
rating at first 
screening, 
low at sec- 
ond 
(n = 533) 

Low stress rat- 6.7 (26) 
ing at first 
screening, 
high at sec- 
ond 
(n = 387) 

High stress rat- 7.6 (27) 
ings at both 
screenings 
(n = 355) 

Total 5.1 (306) 

(n = 6,003) 





7.1(38) 1.6(1.1-2.3)  9.9(53) 1.8(1.3-2.5) 


1.5 (0.99-2.3) 10.6 (41) 1.9 (1.4-2.8) 


1.7(1.1-2.6)  9.0(32) 1.6(1.1-2.4) 


6.6 (397) 







*Low stress rating: 1 to 4; high stress rating: 5 to 6. 
Cl = confidence interval. 


with ratings 1 to 4 with respect to outcome resulted in 
small decreases in odds ratios (Table 1). 

Psychological stress was assessed at both the first 
screening in 1970 to 1973 and the second screening 4 
years later. Data from both examinations were used to 


O0 Stress score 5-6 
e----« Stress score 1-4 


FIGURE 1. Cumulative 
annual incidence of coro- 
nary artery disease dur- 
ing 1970 to 1982 (first 3 
months of 1983 not in- 
cluded). 
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DISCUSSION 


TABLE IV “_ife Events” and Coronary Artery Disease by Stress 
We found self-perceived psychological stress to be 


in 1983 to 1384. Study of Men Born in 1933* 


= = 


Serious illnessin family 


Low Stress 
Rating 

(1 to 4) 

n = 635 


High Stress 


Rating 
(5 to 6) 
n=97 


Odds 
Ratio 
(95% CJ) 





during follow-up 


*Figures are pereentages (number of men). 


evaluate whether the effect of stress was transient or 
not, with folew-up extending from the second exami- 
nation only (Table III). Men with permanent stress at 
both examinations had the same rate as men with per- 
manent stress at only 1 of the screenings. The same 
applies to mcrtality from all causes. The cumulative in- 
cidence of CAD for men with stress ratings 5 and 6 
compared wih those with stress ratings 1 to 4 is shown 
in Figure |. The effect of stress did not decrease over 
time. 

Data on Ife events in relation to psychological stress 
from the study of men born in 1933 are listed in Table 
IV. Importart negative life events were only weakly or 
not at all releted to heavy stress. Items more concerned 
with worry were more firmly linked to stress. There 
were few CAD events; however, the association be- 
tween CAD and stress, even though not significant, was 
of the same order of magnitude as in the Primary Pre- 
vention Study. 
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an independent risk factor for CAD in this population 
of middle-aged men. The limitations of this study are 
obvious and will be discussed later; the strength of our 
findings is in the prospective design and in the sample 
size, which was sufficiently large to detect this relatively 


member 
Past year 15.9(101) 16.5(16) 1.0(0.6-1.9) modest effect. 
At any time 90.7 (322) 59.8(58) 1.4 (0.9-2.2) The most serious limitation is the definition of psy- 

Serious concem about hological st Then ‘ t sth 

Silly ine chological stress. The item concerning s ress in the 
Past year 30.9 (196) 40.2 (39) 1.5 (0.97-2.3) questionnaire was conceived on a purely intuitive basis, 
At any time 51.5 (327) 63.9(62) 1.7 (1.1-2.6) focusing on various psychological problems such as 

Death of family member . ; $ t ‘ 
ERAR 15.4(98) 18.6(18) 1.2 (0.7-2.2) anxiety, tension and sleeping difficulties. Psychological 
At any time 74.6(474) 74.2(72)  1.0(0.6-1.6) factors such as obsessional traits and propensity to wor- 

Divorce or separation : 16 
3 daha ia bias Su oyt ou a ry have been found to predict CAD.!® On the other 
At any time 21.9(139) 16.5(16) 0.7 (0.4-1.2) hand, stress is often described as a psychological pro- 

Forced to move nouse cess, defined as the internal state of a person who per- 
Past year 3.6 (23) 6.2 (6) 1.8 (0.7—4.4) . . . . 
ha See 1651108) 46506). 100.648) ceives 1c to his or her physical and Psychological 

Forced to change job well-being.’ Our definition fits part of this description, 
Past year wets os Ë EEEN but is also broad and nonspecific. Some of the subjects 
At any time 19.1 (121). 22.722) J12 02 ; 

ER ke a who answered the question may have affirmed the pres- 
Past year 4.3(27)  6.2(6) —1.5(0.6-3.7) ence of symptoms, rather than of stress. In this case, 
At any time 12.6 (80) —13.4(13) 1.1 (0.6-2.0) the stress question may have been a measurement more 

Feelings of insecurity at . ‘an OF i 

Lark of intraindividual psychological problems than of stress 
Past year 13.7 (87) 24.7(24) 2.1 (1.2-3.5) caused by external factors. 
At any time 28.2 (179) 39.2(38) 1.6 (1.1-2.6) Some retrospective case-control studies have found 

Serious financial trouble : ; . s 
Past vear 5.2(33) 18.6(18) 4.2 (2.2-7.7) stress, defined in various ways, to be associated with 
At any time 13.4(85) 27.8(27) 2.5 (1.5-4.1) myocardial infarction,!”:!® but in general there seems to 

Heat prasacuta Rois ehh n be very little prospective data linking CAD to stress. 
At any time 17.2(109) 14.4(14) 0.8(0.4-15) When examined in epidemiologic and clinical investiga- 

Coronary artery disease  3.3(21)  5.2(5) 1.6 (0.6-4.3) tions, life stress has often been defined as the numerical 


accumulation of major life events. !%20 This method of- 
fers a clear advantage in that measurement of events 
that are easily identifiable minimizes the chance of sub- 
jective variation in the responses, but in retrospective 
studies the occurrence of myocardial infarction may in- 
fluence how patients respond to questions of life events. 
However, it is clear from analysis of the second, youn- 
ger group in our study that psychological stress, as we 
defined it, has very little to do with life events such 
as bereavement, separation or unemployment, and is 
much more closely related to worries. 

With the exception of life events, the stress question- 
naire that we used has not so far been validated against 
other measures of stress. However, outcome with re- 
spect to CAD was remarkably similar in both screen- 
ings, as well as in the investigation of men born in 
1933. In this sample also, men with a stress rating of 5 
or 6 had a 50% increase in CAD incidence, but owing 
to the small number of infarcts, this increase was not 
significant. None of the items on the life event scale 
predicted CAD, but again, the number of cases was 
small. 
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Much of the research on the association between 
stress and CAD has been directed toward the influence 
of occupational stress.>°?! The question on stress that 
we used asked about occupational stress as well as 
about stress induced by conditions at home; these 2 en- 
tities were not separated. In a previous analysis?” of this 
study population, only 2 single occupational groups had 
a significant increase in risk of CAD; bus and tram 
drivers, and taxi drivers. Neither group had an increase 
in stress. Consequently, if some form of occupational 
stress was responsible for the increase in CAD risk in 
the 2 groups it could obviously not be measured in this 
relatively simple manner. The small group of men with 
disability pensions (n = 105) had a large proportion of 
subjects with a stress rating of 5 or 6 (40% compared 
with 15 among the rest; p <0.001). 

Our findings in the Primary Prevention Study on 
the association between CAD and stress could be the 
result of men who were already sick stating high levels 
of stress, induced by sickness in itself. At the screening 
examination, a question regarding chest pain after 
walking up 2 flights of stairs was included in the ques- 
tionnaire. Although a crude indicator of angina pecto- 
ris, this variable predicted CAD during follow-up and 
was also associated with heavy stress at baseline. If this 
variable was entered in addition to the other risk factors 
in the logistic regression analysis, the odds ratio for 
CAD would be slightly reduced to 1.4 (range 1.1 to 
1.8). 

From a biological viewpoint, there are several theo- 
retical explanations for the association between psycho- 
logical stress and CAD. In animal models, more exten- 
sive coronary artery atherosclerosis was induced by 
social stress in cynomolgus monkeys than in non- 
stressed control subjects.?3:24 Short-term stress has been 
shown to induce raised fibrinogen concentrations in 
beef calves,25 and occupational stress was shown to be 
associated with increased fibrinogen concentrations in 
humans.2° However, no association between psycholog- 
ical stress and fibrinogen was found in an earlier inves- 
tigation of the study of men born in 1933.77 Significant 
increases in stress hormones were observed in piecework 
and assembly line workers.’ Although there are sev- 
eral biobehavioral correlates to the association between 
stress and cardiovascular disease, the mechanisms are 
still unclear. Further study is needed to determine po- 
tentially modifiable stress factors that predict CAD. 
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Pitfalls in the Determination of Absolute 
Dimensions Using Angiographic Catheters as 
Calibration Devices in Quantitative Angiography 


Donald F. Fortin, MD, Laurence A. Spero, MSE, Jack T. Cusma, PhD, Leonard Santoro, BS RT, 
Robert Burgess, RT, and Thomas M. Bashore, MD 


Using catheter outer diameter as a scaling de- 
vice, quantitative coronary arteriography allows 
the precise and objective measurement of 
change in absolute dimensions of coronary arter- 
ies after mechanical or pharmacologic interven- 
tion. Because of variable density in the wall of 
the catheter, automated systems might vary in 
the determination of the outer catheter diameter. 
To examine this premise, catheters in a variety 
of French sizes from 6 manufacturers were in- 
jected with radiographic contrast and used as 
scaling devices for arterial phantoms of known 
geometric dimension. Radiographic diameters of 
the catheters were determined by applying the 
quantitative coronary arteriographic algorithm to 
the catheters using a calibration grid in the same 
field of view. The varying composition of the 
catheters resulted in differing x-ray attenuation 
and, subsequently, automated edge-detection al- 
gorithms varied widely in determining the actual 
catheter diameter to be used as a scaling factor. 

For instance, a Lucite™ “artery” with a mini- 
mal luminal diameter of 1.50 mm (image cali- 
brated using the micrometer-determined outside 
diameter of a Baxter 8Fr guiding catheter) re- 
sulted in a quantitative angiographic diameter of 
2.03 mm (overestimation by 35%). If the diame- 
ter of a similar size Shiley catheter was used to 
calibrate the image, a luminal diameter of 1.60 
mm was determined: a difference of 0.43 mm 
based solely en differences in scaling catheter 
attenuation. 

These data suggest that a specific “finger- 
print” for each catheter material and catheter 
French size exists, rendering generalizations 
about catheter size questionable. These observa- 
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tions are important for quantitative angiography 
where many brands and sizes of angiographic 
catheters are being used clinically. Differences in 
determining the absolute dimensions of coronary 
lesions could result from different catheters be- 
ing used as scaling devices, and study designs 
using this approach should take this potential 
source of error into account. 

(Am J Cardiol 1991;68:1176-1182) 


isual assessment of stenosis severity has been 
\ the traditional means by which coronary artery 
disease has been quantified. Many reports have 
indicated the substantial inter- and intraobserver vari- 
ability associated with this technique.!? This has led to 
the development of a number of computer-derived 
methods of determining stenosis severity. Quantitative 
coronary angiography allows for the precise measure- 
ment of change in absolute dimensions. However, the 
use of quantitative angiography for this purpose re- 
quires attention to detail, since minute changes can now 
be appreciated with a high degree of accuracy. Lack of 
standardization of algorithms for determining vessel 
edges, inconsistent methods of both calibration and 
choosing of a reference or “normal” diameter all may 
lead to variable results among different quantitative 
systems of angiography now available.3 
Validation of quantitative angiographic algorithms 
generally requires the use of “phantoms” of known geo- 
metric dimensions, usually calibrated by using a grid of 
known dimensions.’ However, in vivo, angiographic 
catheters are typically used as scaling devices. Several 
factors may be responsible for the variability observed 
in the measurement of catheter dimensions from digi- 
tized cineangiograms, including catheter material, con- 
centration of contrast agent in the catheter and the x- 
ray exposure factors.* Outside catheter dimensions can 
be measured by micrometer, reducing errors based on 
deviation of the catheter from the professed or assumed 
size.’ This study was performed to investigate the reli- 
ability of angiographic catheters as scaling devices in 
this setting. 
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TABLE I Comparison of Catheter Outside and Inner Diameters with Radiographically Determined Diameters 


Manufacturer 


Type 


Composition 








French Size 








Baxter G Nylon 8 
Cordis G Polyurethane 8 
Cordis D Polyurethane 7 
Cordis D Polyurethane 6 
Cordis D Polyurethane 5.2 
Interventional Medical G Polyurethane 8 
Mallinckrodt G Nylon 8 
Mallinckrodt D Nylon 6 
Sherwood Medical D Nylon/ polyurethane 5 
Shiley G Polyurethane 8 
USCI G Polyurethane 8 





Micrometer 
Outer 





Radiographic Determined 


Catheter #1 













Catheter #2 


2.67 + 0.02 ; 1.92 + 0.02 1.98 + 0.03 
2.69 + 0.04 1.88 2.38 + 0.05 2.20 + 0.05 
2.31 + 0.02 1.45 1.74 + 0.03 1.90 + 0.04 
2.00 + 0.02 1.30 1.56 + 0.03 1.49 + 0.04 
1.71 + 0.02 1.12 1.46 + 0.01 1.53 + 0.01 
2.60 + 0.03 1.93 2.07 + 0.03 2.03 + 0.02 
2.67 + 0.03 2.00 2.31 + 0.02 2.36 + 0.02 
2.00 + 0.03 1.27 1.70 + 0.01 1.71 + 0.02 
1.72 + 0.03 1.14 1.38 + 0.02 1.90 + 0.02 
2.62 + 0.04 1.93 2.42 + 0.03 2.42 + 0.06 
2.66 + 0.03* 1.70 2.12 + 0.02 — 














*Only 1 catheter available for measurement. 


as measured by micrometer. 


METHODS 

Pairs of catheters from the same manufacturer 
and of the same nominal French size were placed 
on a radiopaque grid (Namic) composed of 1.00 X 
1.00 cm squares (Table I). Two radiographic phantoms 
of known diameters filled with radiographic contrast 
(Omnipaque-360 [iohexol]) were also in the field of 
view. Catheters were imaged under a variety of expo- 
sures in an attempt to simulate actual clinical condi- 
tions. All catheters were filmed at 30 frames/s by use 
of a standard cineangiographic system (General Elec- 
tric (GE) MPX-150, Schenectady, New York) using a 
15 cm image intensifier field of view. Fifteen centime- 
ters of scattering medium (Lucite™) was placed in the 
x-ray beam to simulate clinical imaging conditions. The 
phantoms were constructed by precision drilling cylin- 
drical holes in 1-cm-thick Lucite with diameters rang- 
ing from 0.50 to 2.00 mm for 1 phantom and 2.00 to 
6.00 mm for the other in 0.50 mm increments, with an 
accuracy of + 0.03 mm. The catheters were filmed 
during 3 ml/s hand injections using full strength con- 
trast. Catheter and phantom arrangement, table height, 
and source to image distance were held constant 
throughout the studies. Magnification was within the 
range encountered clinically. All exposure parameters 
(tube voltage [kVp], tube current [mA] and x-ray pulse 
width) were allowed to be set by the automatic expo- 
sure controls of the x-ray system in order to simulate a 
clinical study with x-ray energy ranging from 56 to 66 
kVp. Care was taken to ensure that both catheters and 
phantoms were placed in the center of the field of view 
to minimize pincushion distortion. Preliminary mea- 
surements revealed that there were no differences be- 
tween left and right coronary angiographic catheters of 
similar French size and manufacturer in regard to mea- 
sured dimensions. The catheters were therefore limited 
to right coronary catheters. 


All catheter measurements are in millimeters (+ standard deviation) and were obtained as follows: #1 = micrometer-measured outside diameter—average of 3 measurements for 
both catheters in the region of the catheter being measured by quantitative angiography; #2 = grid-determined diameter—average of 3 measurements per catheter in the same region 


D = diagnostic catheter; G = guiding catheter; USCI = United States Catheter and Instruments. 












The cineangiograms were projected on a CAP-35B 
cineangiogram viewer optically coupled to a video cam- 
era (ELCO Labs) with a resulting 1:1.4 magnification. 
The resultant images were digitized at 512 X 512 X 8 
bit resolution. Typical pixel sizes were in the range of 
0.18 to 0.24 mm (measured in the plane of the cathe- 
ters). Pixel size was variable because the optical magni- 
fication was not held constant but optimized for each 
image. The digitized image was processed by a Gould 
IP8400 image processor containing a 30 million in- 
struction per second-array processor. This processor is 
capable of performing real-time contrast enhancement, 
image subtraction, high-frequency filtering, and dy- 
namic display of image sequences through its 3200 
frame parallel-transfer disks. Analyses were performed 
on the Duke University Quantitative /Qualitative Eval- 
uation System (DUQUES). The DUQUES algorithm 
determines the edges of an object of interest by analysis 
of videodensity profiles from a user-defined starting and 
termination point.? An initial approximation of the cen- 
terline is made by finding the geometric center between 
2 estimated edges. The estimated or preliminary edges 
are defined as having a density 70% of the maximal 
density. The reported edges are determined after a sec- 
ond analysis of the resultant profile using a weighted 
combination of the maxima of the first and second de- 
rivatives of each profile perpendicular to the calculated 
centerline. A smoothing algorithm is then applied and 
the edge superimposed on the object in question.®” 

Each image was stored on a magneto-optical disk 
and digitally magnified before calibration. Determina- 
tion of the calibration factor (in mm/pixel) for each 
image was accomplished by 2 independent means: (1) 
by measuring a 4.00 cm square on the radiopaque grid, 
and (2) by measuring a 1.00 cm length of a calibrated 
2.00 mm diameter phantom.!° The left-hand side of 
each grid line was used to minimize distortion due to 
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line thickness. The calibration factors from each of 
these 2 measurements were similar when made in tripli- 
cate and averaged. For each image containing 8Fr 
guiding cathsters, 5 increments (0.50, 1.50, 2.50, 3.50 
and 4.50 mm diameter) of the phantoms were mea- 
sured using the grid as calibration standard. The radio- 
graphic diameter of each contrast filled catheter was 
determined using the grid as the calibration standard. 

The external dimensions (micrometer outer) of each 
catheter was determined by application of a microm- 
eter to the same portion of the distal 5.0 cm of the 
catheter as measured by DUQUES and avoiding the 
tapering tip of the diagnostic angiographic catheters. 
The internal diameter (inner) was assumed to be that 
provided by the manufacturer in the product literature. 
These 2 dimensions of the catheter along with the ra- 
diographic d ameter (as previously determined) were 
each provided to the quantitative angiographic algo- 
rithm after tracking the catheter to determine a cali- 
bration factor for the image in mm/pixel, as would be 
performed in a clinical study. The same 5 increments of 
the phantoms were measured using the 3 different cali- 
bration factors. 

Three frequently used 8Fr guiding catheters were 
analyzed on a commercially available quantitative angi- 
ographic system (ADAC Laboratories, Milpitas, Cali- 
fornia) which has been validated by in vitro and in vivo 
methods'!:!? m our laboratory. Identical digitized im- 
ages were exported via an Ethernet connection from the 
DUQUES system to the ADAC system for compara- 
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tive analysis, avoiding the introduction of variability 
due to an independent digitization procedure. The anal- 
yses were performed in the same fashion as mentioned. 
Similar regions of the catheters and phantoms were 
tracked. To calibrate, the ADAC algorithm can either 
use the calibration factor from an internal look-up table 
(based on the outside diameter of the catheter) or ac- 
cept keyboard input values supplied from the grid cali- 
bration procedure. 


RESULTS 

Results of the measurement of the phantoms using 
the grid as calibration are displayed in Figure 1. The 
use of grid calibration allowed for accurate diameter 
determination compared with the actual dimensions 
(r = 0.99; standard error of the Estimate = 0.16 mm). 
Overestimation of diameters <1.00 mm is evident and 
is similar to that seen with other quantitative angio- 
graphic systems. !! | 

Representative examples of the variability in track- 
ing the catheter outer diameter are shown in Figure 2. 
Despite all catheters in this group being 8Fr guiding 
catheters, an impressive variance exists between differ- 
ent catheters as to whether the quantitative angiogra- 
phy-derived (grid calibration as scaling factor) diame- 
ter more closely approximates the true inner or mi- 
crometer-measured outer diameter of the catheter. All 
of the catheters in this group except for those made by 
Mallinckrodt and Baxter are made of polyurethane 
(Table I). Differences in the characteristic x-ray atten- 


FIGURE 1. Piot of measured diameter of 
phantoms using grid as calibration method 
for image digitized from 

film. The correlation coefficient (R2) was 
0.991 with a standard error of the esti- 
mate (SEE) of 0.157 mm. Solid line, the 
regression equation for the data; dotted 
line, values where measured diameter 
would equal actual diameter. 


Actual Diameter of Arterial Model (mm) 
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uation of the catheter material (including radiopaque 
wire braid, doping material and plastic) would be ex- 
pected to yield the variable results. 

Figure 3 illustrates the 2 most extreme examples, 
the Shiley and Baxter 8Fr guiding catheters when the 3 
dimensions (radiographic diameter, micrometer outside 
and assumed inside diameter) are supplied to the quan- 
titative angiographic algorithm to calibrate the image. 
Use of the external diameter resulted in the system- 
atic overestimation of the dimensions of the phantom 
“steps.” There was disagreement as to which measure- 
ment among the catheters resulted in the closest ap- 
proximation to the known phantom dimensions. For ex- 
ample, using the micrometer-derived outer diameter of 
the Shiley catheter to calibrate the image resulted in 
average +8% overestimation, whereas for the Baxter 
catheter the overestimation averaged +27%. Use of the 
internal diameter led to a systematic underestimation of 
the actual dimensions, except in the case of the Baxter 
catheter. Use of the radiographic determined diameter 
of this catheter most closely approximated the internal 
diameter. As noted from the 2 examples, use of the 
radiographic diameter resulted in the closest approxi- 
mation to the known dimensions of the phantom. Table 
II demonstrates the reproducibility of the measure- 


Angiographic Cameter 


Videodensity Profile 


ter and Instruments. 


IM Shiley 


ments of 3 8Fr guiding catheters measured using the 2 
different quantitative angiographic algorithms. 


DISCUSSION 

The primary advantage provided by quantitative an- 
giography is the determination of both precise and ac- 
curate information regarding dimensions of coronary 
arteries. Loss of integrity along the imaging chain may 
result in degradation of the image leading to decreased 
reliability of any subsequent analysis based on these 
data. Industrial uses of x-rays to define structural de- 
tails allow for the detection of cracks a few hundredths 
of a millimeter wide. Quantitative angiography, as used 
clinically, does not share the same degree of precision. 
Important limitations that result in loss of precision in- 
clude the small differences in the attenuation coefficient 
between contrast material and biologic tissues and the 
attenuation profile of a contrast-filled lumen. In addi- 
tion, the finite size of the focal spot typically found in 
clinical studies leads to the development of penumbra, 
further blurring the edges.!*!4 Loss of precision also 
results from pincushion distortion, unfocusing from 
spherical aberration and motion.'° Corrections for pin- 
cushion distortion are usually unnecessary using the 
smaller image field sizes used during coronary angiog- 


@ Micrometer Outside Diameter (mm) 
m Radiographic Determined Diameter (mm) 


o Manufacturer Inside Diameter (mm) 


Baxter Cordis 
8 French Guiding Catheters 


USC! Mallinckrodt 


Manufacturer 
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TABLE II Radiographic Diameter as Measured on DUQUES 
and ADAC Using the Grid as Scaling Factor 


ADAC 
Laboratories 










DUQUES 





Manufacturer French Size 






















Interventional Medical 8 2.05 + 0.03 1.98 + 0.03 
Baxter 8 1.95 + 0.04 1.94 + 0.04 
Shiley 8 2.41 + 0.04 2.41 + 0.04 





DUQUES = Duke University Quantitative/Qualitative Evaluation System. 


raphy and with modern image intensifier technology. In 
addition, changes in magnification secondary to the ob- 
jects being imaged in a different plane from the scaling 
device appear to contribute to no more than a com- 
bined 5 to 8% error in absolute dimensions.!° In con- 


Shiley 8 F Guiding Catheter 


Micrometer OD as > Pa 


scaling factor 


Measured Diameter (mm) 


Actual Diameter of Phantom (mm) 


Baxter 8 F Guiding Catheter 


Micrometer OD as 
scaling factor 
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Measured Diameter (mm) 


Actual Diameter of Phantom (mm) 


Radiographic determined 
E diameter as scaling factor 


Manufacturer ID 
as scaling factor 





trast, we noted the potential for overestimation of lu- 
men dimensions of up to 27% when one incorrectly as- 
sumes that the quantitative angiographic algorithm is 
detecting the micrometer-determined outside diameter 
of the catheter for the edges! 

Any algorithm that uses analysis of videodensity 
profiles to determine catheter diameter measures the 
column of contrast lining the inner diameter plus a 
contribution of the catheter wall. This is similarly true 
for coronary arteries or other vessels. The radiographic 
representation of the contrast-filled catheter as a scaling 
device in quantitative angiography is a result of contrast 
material filling the lumen of the catheter plus a contri- 
bution to the radiographic contrast due to the catheter 


s Radiographic determined 
diameter as scaling factor 


< Manufacturer ID 
as scaling factor 


calibration factor are shown. Dotted line 
represents where measured diameter 
would equal the actual diameter. Use of 
the micrometer outside diameter (OD) re- 
sults in a +8% overestimation of the actu- 
al dimensions of the phantoms. Bottom, 
similar data for the Baxter SFr guiding 


in a +27% overestimation of the actual di- 
mensions, whereas use of either the radio- 
graphic or internal diameter results in a 
close approximation to the actual diameter 
of the phantom. Values for the radio- 
graphic-determined and inner diameters 
are superimposed. 
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wall. Owing to the variations in attenuation of the cath- 
eter material, the measurement derived from the radio- 
graphic image may not correspond to the outer diame- 
ter of the catheter as is often assumed. The quantitative 
angiography-derived diameters represent the lumen di- 
ameter plus the angiographic “thickness” of the cathe- 
ter wall. This thickness is dependent on the materials 
used for catheter construction by the manufacturer 
(Figure 2). The data suggest that a specific fingerprint 
for each catheter exists. In addition to a unique finger- 
print for each catheter, a “signature” also exists for 
each manufacturer and French size, rendering gen- 
eralizations about catheter size somewhat question- 
able. 

Leung et al!5 recently reported their results after 
evaluating catheters and metallic catheter markers as 
calibration standards for determining coronary dimen- 
sions. They noted discrepancies between the measured 
outside diameters and the diameter measured by quan- 
titative angiography similar to those reported in this 
study. They felt this to be representative of an “error” 
in the measurement of catheters. They concluded that 
metallic markers were superior to catheters as calibra- 
tion standards because of their inherent reproducibility. 
This variability of error in measuring the outer diame- 
ter of the catheter can be corrected practically, how- 
ever, if the radiographic characteristics of each indi- 
vidual catheter used in an angiographic procedure is 
determined. The radiographic characteristics of the in- 
dividual catheters could become part of the radiograph- 
ic record and appropriate calibration factors could then 
be readily determined once this discrepancy is appreci- 
ated. 

Differences in absolute dimensions between angio- 
graphic procedures may be occurring simply as a result 
of different catheters being used in laboratories where 
there are many brands and sizes of angiographic cathe- 
ters. For instance, using the data from Figure 3, a Lu- 
cite “artery” with a minimal luminal diameter of 1.50 
mm (image calibrated using the micrometer-deter- 
mined outside diameter of a Baxter 8Fr guiding cathe- 
ter) results in a quantitative angiographic diameter of 
2.03 mm (overestimation by 35%). The diameter is 
then similarly remeasured at a follow-up study using a 
Shiley catheter. The minimal luminal diameter of the 
Lucite artery has remained at 1.50 mm, but by quanti- 
tative angiography the diameter is now 1.60 mm. A 
perceived difference of 0.43 mm is then recorded, when 
in fact no difference exists. 

The implications of this analysis are manifold. If ab- 
solute dimensions are used to determine the status of a 
lesion, as has been done in either restenosis after percu- 
taneous transluminal coronary angioplasty!® or athero- 


sclerosis regression studies, appropriate calibration of 
the system is critical. This problem is compounded by 
the use of catheters of different materials and French 
size. Angioplasty operators frequently select angioplasty 
balloon diameter size based on the size of an angio- 
graphically normal segment of coronary artery in rela- 
tion to an angiographic catheter, on the assumption 
that a balloon /artery ratio of approximately 1:1.1 leads 
to the optimal results with a minimum of complications 
such as abrupt closure or major dissection.!™!8 Incor- 
rect selection of balloon size could occur if the external 
diameter of an angiographic catheter is misread and 
this could lead to either an increased risk of complica- 
tions such as dissection or abrupt vessel closure or poor 
final results suggestive of incomplete dilation. This is 
similarly true for coronary stents and other interven- 
tional devices. Since placement of these devices and 
others in the future are dependent on accurate mea- 
surements of coronary artery dimensions, it is impor- 
tant to understand what the quantitative angiographic 
system is measuring as a scaling factor from the angio- 
graphic catheter. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Reverse Use-Dependent Effects of Sotalol 
Demonstrated by Recording Monophasic Action 
Potentials of the Right Ventricle 
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in 22 patients referred for electrophysiologic 
study, monophasic action potentials (MAP) were 
recorded from the right ventricular aspect of the 
ventricular septum. The duration of MAP at 
90% (MAPo0) and 30% (MAP30) repolarization 
was measured in sinus rhythm, at a constant 
atrial paced cycle length of 600 ms for 3 minutes 
and at constant ventricular paced cycle lengths 
of 600, 500, 400 and 300 ms for 20 beats. Pro- 
grammed ventricular stimulation from the apex 
of the right ventricle was performed at a basic 
drive cycle length of 400 ms and MAPg9 and 
MAP 2p of premature beats was determined. 
Changes of MAP duration were assessed 20 
minutes after administration of intravenous sota- 
lol 1.5 mg/kg. Sotalol significantly increased 
MAP» and MAP 3p in sinus rhythm. This was in- 
dependent from sinus cycle length prolongation 
as evidenced by a significant prolongation of 
MAP» and MAP3p with constant atrial pacing 
after sotalol. With slow ventricular stimulation 
frequencies and with long coupling intervals at 
programmed ventricular stimulation, sotalol sig- 
nificantly prolonged MAP 9. and MAP 39; with 
high stimulation frequencies and at short cou- 
pling intervals the action potential—prolonging 
effect of sotalol was diminished, indicating a re- 
verse use-dependent effect of sotalol on repolari- 
zation of the right ventricle in humans. 

(Am J Cardiol 1991;68:1 183-1187) 
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dependent.' Quinidine, e.g., exhibits progressive 

reduction of the rate of rise of action potentials 
at higher stimulation frequencies? (use-dependent ef- 
fects), whereas action potential prolongation is most 
marked at slow heart rates (reverse use dependence). 
By recording of transmembraneous action potentials of 
Purkinje and ventricular muscle fibers, Strauss* and 
later Varro° and their coworkers showed that the action 
potential—prolonging effect of sotalol is greater at slow- 
er stimulation frequencies. By recording monophasic 
action potentials (MAP)°’ in humans, it was con- 
firmed that sotalol prolongs action potential duration, 
but frequency-dependent effects have not been evaluat- 
ed. Therefore we recorded MAP to assess cycle length- 
dependent effects of sotalol by means of constant atrial 
pacing, decremental ventricular pacing and after pre- 
mature beats during programmed ventricular stimula- 
tion. 


Be of antiarrhythmic agents are frequency 


METHODS 

Patient characteristics: Twenty-two patients (19 
men and 3 women, mean age 52 + 12 years) were 
studied. Fourteen patients had coronary artery disease, 
4 patients had dilated cardiomyopathy, in 2 patients the 
aortic valve had been replaced and in 2 patients no or- 
ganic heart disease was present. The reason for electro- 
physiologic study were syncope in 7 patients, wide com- 
plex tachycardia in 13 and supraventricular tachycardia 
in 2. All patients gave written informed consent. All 
antiarrhythmic agents were discontinued at least 4 half- 
lives before the electrophysiologic study. Quadripolar 
catheters were positioned fluoroscopically to the lateral 
right atrium, to the bundle of HIS and the apex of 
the right ventricle. Cardiac stimulation was performed 
from the high right atrium and the apex of the right 
ventricle with a programmable constant current stimu- 
lator (SP 503, Medtronic) that delivered rectangular 
pulses of 2 ms duration. After recording of the HIS 
bundle electrogram the catheter was removed and re- 
placed by a special pressure electrode for recording of 
MAP. This catheter was advanced to the midseptum of 
the right ventricle and by gently applying pressure, 
MAP could be recorded up to | hour. The catheters 
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TABLE I Monophasic Action Potential Duration and QRS Width with Decremental Ventricular Pacing 


600 ms 500 ms 


260 + 25 
293 + 31 
+13 
<0.05 


181 + 29 
206 + 42 
+14 
<0.05 
QRS width 


249 + 23 
270 + 26 
+11 
<0.05 


Control 
Sotalol 
% Change 
p Value 


QRS width 
Control 202 + 31 200 + 29 
Sotalol 201 + 33 201 + 32 
p Value NS NS 


MAP = monophasic action potential; NS = not significant. 


used contained Ag-AgCl electrodes at the tip of the 
electrode and a reference electrode 5 or 10 mm proxi- 
mal to the tip. The signals were preamplified and dis- 
played on an oscilloscope at filter settings of 0.5 to 
2,500 Hz. Together with surface leads I, aVF and V, 
and intracardiac signals of the right atrium and right 
ventricle (filtered at 30 to 250 Hz), MAPs were record- 
ed on a multichannel photographic device (Electronics 
for Medicine, VR-12) at a paper speed of 100 mm/s. 
Atrial pacing was performed at a cycle length of 600 
ms for 3 minutes to assure steady-state conditions; ven- 
tricular pacing was performed at cycle lengths of 600, 
500, 400 and 300 ms for 20 beats only because of possi- 
ble hemodynamic compromises. Programmed ventricu- 
lar stimulation was performed at a basic drive cycle 
length of 400 ms (S,S,) by introducing premature 
beats (SıS2), starting at 390 ms and decreasing by 
steps of 10 ms until refractoriness was reached. 


n 


177 = 3] 
199 + 27 
+10 
<0.05 





LOSE 32 146+15 


QRS width QRS width 


198 = 32 197 + 34 
200 + 27 197 31 
NS NS 


Monophasic action potential measurements: MAP 
duration was measured at 30% (MAP39) and at 90% 
(MAP) repolarization of the right ventricle. MAP 
amplitude was taken from baseline to the crest of the 
plateau phase.’ MAP 30 was chosen to assess changes of 
the plateau phase. Exactly 20 minutes after intravenous 
application of 1.5 mg/kg of sotalol, MAP measure- 
ments were repeated and changes in MAP duration 
were assessed in sinus rhythm, and after atrial and ven- 
tricular pacing. Effects of sotalol on premature beats 
during programmed ventricular stimulation were evalu- 
ated as previously described. Plasma concentrations of 
sotalol were not determined because the sotalol dosage 
of 1.5 mg/kg was identical to earlier study protocols, 
which resulted in therapeutic plasma ranges.’ 

Statistics: The results were analyzed statistically us- 
ing the Kruskall Wallis test; the 95% confidence limit 
was accepted as statistically significant. 


FIGURE 1. Example of monophasic action 
potentials (MAP) of the right ventricle 
(RV) at different ventricular cycle lengths. 
At a cycle length of 600 ms MAP in- 
creases from 230 to 270 ms after admin- 
istration of sotalol; at a cycle length of 
300 ms it increases from 205 to 225 ms. 
ECG = electrocardiogram. 
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RESULTS 

Effects of sotalol in sinus rhythm: Sinus cycle 
length increased from 776 + 103 to 906 + 34 ms (p 
<0.05) after 1.5 mg/kg of intravenous sotalol. There 
was only a slight increase in the PR interval from 164 
+ 33 to 171 + 35 ms (p <0.05) and no significant 
change in QRS duration (93 + 26 vs 90 + 28 ms). The 
QT interval was significantly prolonged from 356 + 22 
to 422 + 29 ms, as well as the corrected QT interval 
(Bazett’s formula) from 406 + 32 to 444 + 31 ms. 
MAPop increased from 267 + 23 to 320 + 36 ms 


FIGURE 2. Illustration of changes in mon- 
ophasic action potentials at 90% of the 

right ventricle at different ventricular cycle 
lengths. 


FIGURE 3. Example of 


400 ms). MAPgo at S$:S2 390 increases 
from 240 to 275 ms after sotalol, and at 
$1S2 290 there is only a minimal increase 
of MAP from 220 to 225 ms after sota- 
lol. ECG = electrocardiogram. 





(+20%, p <0.05), and MAP 39 from 192 + 31 ms to 
235 + 43 ms (+23%, p <0.05). 

Effects of sotalol at a constant paced atrial cycle 
length: After a constant paced atrial cycle length of 600 
ms over 3 minutes, MAPoo of the right ventricle in- 
creased from 250 + 21 to 292 + 26 ms (+17%, p 
<0.05), and MAP 3p increased from 187 + 23 to 222 + 
34 ms (+19%, p <0.05). 

Effects of sotalol at constant paced ventricular cy- 
cle lengths (Figure 1): Effects of ventricular pacing at 
cycle lengths of 600 to 300 ms are summarized in Ta- 


500 600 
ventricular paced cycle length in msec 


Control 
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TABLE II Monophasic Action Potential Duration with 
Premature Bea‘s at Programmed Ventricular Stimulation 


$1S2 290 








MAP90 















Control 241 + 20 lOS EBI = 221;+ 49 149 + 20 
Sotalol 259 + 34 189 +35 231239 153’: 35 
% Change #11 +15 +5 +3 
p Value <0.05 <0.05 NS NS 





Abbreviations as ia Table |. 


ble I and are zraphically illustrated in Figure 2. A pro- 
gressive decrease in MAP and MAP%39 with shorter 
paced cycle lengths is seen. Prolongation of MAPop and 
MAP%3 9 after sotalol is no longer significant at the 
shortest paced cycle length. No significant changes in 
QRS width were observed with decremental ventricular 
pacing at control and after sotalol (Table I). 

Effects of sotalol during programmed ventricular 
stimulation (Figure 3): Effects of sotalol during pro- 
grammed ventricular stimulation at a basic drive cycle 
length of 400 ms are summarized in Table II and 
graphically illustrated in Figure 4. Again the effect of 
sotalol on MAP and MAP %p is greater at long cou- 
pling intervals than at short coupling intervals. At the 
shortest possible interval of 290 ms (the shortest S)S> 
coupling interval not refractory after sotalol in all pa- 
tients), the action potential—prolonging effect of sotalol 
was no longer significant. The effective refractory peri- 
od at S;S; of 400 ms increased from 215 + 14 to 246 


MAP 
duration 
in msec 


300 320 340 360 


+ 21 ms (+15%, p <0.05) after sotalol but the relation 
between effective refractory period and MAP did not 
change compared with control (0.96 vs 0.98 after sota- 
lol). 


DISCUSSION 

Sotalol, a noncardioselective 8 blocker without in- 
trinsic sympathomimetic properties, is increasingly 
recognized as an important class III antiarrhythmic 
agent.'°-!> In contrast to conventional 8 blockers, sota- 
lol lengthens action potential duration in the atrium, 
the ventricle and in accessory bypass tracts, which is 
most likely due to a reduction of potassium outward 
currents. Sotalol causes a reduction in the delayed recti- 
fier current associated with a small decrease in the 
background current.'® The action potential—prolonging 
effect of sotalol is greater at slow heart rates compared 
with higher stimulation frequencies as has been shown 
by recording of transmembraneous action potentials in 
Purkinje and ventricular muscle fibers (Strauss et al,4 
Vario et al>). This “reverse use dependent effect”!7 has 
also been observed as a mode of action of other antiar- 
rhythmic agents and has recently been shown for the 
first time, in vivo, for quinidine by recording of MAPs.3 
The aim of our study was to assess cycle length—depen- 
dent effects of sotalol on MAP in humans. At higher 
stimulation frequencies, i.e., at cycle lengths of 300 ms, 
the action potential—prolonging effect of sotalol is no 
longer significant. No effects on paced QRS width at 
slow or fast ventricular cycle lengths were seen after 
sotalol, indicating that parameters of conduction were 


FIGURE 4. Illustration of changes in mon- 
ophasic action potentials (MAP) duration 
at control (lower line) and after 1.5 mg/kg 
sotalol (upper line) with decremental pac- 
ing (S;S2) at a basic drive cycle length of 
400 ms (S;S;). 


380 


S1 S2 in msec (S1 S2 400 msec) 
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not influenced. At programmed ventricular stimulation, 
MAP duration of premature beats with long coupling 
intervals is lengthened significantly, whereas the effect 
of sotalol on earlier premature beats progressively di- 
minishes with shorter coupling intervals. MAP duration 
was similarly affected at 30% and 90% repolarization; 
thus, the effects of sotalol covered the whole repolariza- 
tion period. This reverse use-dependent effect of sotalol 
on MAP duration confirms findings of microelectrode 
studies and may be an important mechanism of action 
of this antiarrhythmic agent. Edvardsson et alf found 
that sotalol in humans, in an intravenous dose of 100 
mg, prolonged MAP by 13 to 17% as measured at 90% 
repolarization at a ventricular paced cycle length of 
600 ms. In our study, the action potential duration 
(MAPo9) was prolonged to a similar amount (+13%) 
at the same cycle length. Edvardsson et al also evaluat- 
ed the effect of sotalol on MAP duration of ventricular 
premature beats: within a narrow range of 50 ms be- 
yond the effective refractory period of the right ventri- 
cle, only slight differences in the action potential—pro- 
longing effect of sotalol were noted. Because of their 
study protocol, no cycle length-dependent effects of so- 
talol could be demonstrated, since pacing was not per- 
formed with longer coupling intervals or higher stimu- 
lation frequencies. Similar to our study no change in 
the effective refractory period/MAP ratio before and 
after sotalol was seen. 

Study limitations: Because of hemodynamic com- 
promises, ventricular pacing was limited to 20 beats at 
the different cycle lengths. Programmed ventricular 
stimulation was performed at a basic drive cycle length 
consisting of only 6 beats before premature beats were 
given. Thus, no steady-state conditions could be expect- 
ed.'8 Nevertheless, marked differences were found in 
MAP duration with decremental pacing and after ap- 
plication of sotalol. 

Clinical implications: As recently pointed out by 
Hondeghem and Snyders,'’ reverse-use dependence 
(which is also found with quinidine or N-acetylprocain- 
amide) implies that the least effect of these antiar- 
rhythmic agents is found during tachycardias or early 
premature beats. The maximal action potential—pro- 
longing effect is seen at slow heart rates, and may be- 
come proarrhythmic at sinus bradycardia or after long 
diastolic intervals triggering torsades-like arrhythmias. 
Another important factor contributing to proarrhyth- 
mic effects of sotalol is hypokalemia, increasing the risk 
for the development of torsades de pointes. The dextroi- 
somer of sotalol (d-sotalol) has less bradycardiac effects 
than the racemate (dl-sotalol) due to lacking 8-blocker 


properties. Therefore, d-sotalol should have less pro- 
arrhythmic effects, but this still has to be proved clini- 
cally. In contrast to sotalol, amiodarone seems to exert 
no reverse-use dependence.!? This, together with the 
known calcium antagonist effects of the substance, is 
perhaps one possible explanation that proarrhythmic ef- 
fects with amiodarone are seen less frequently.”° 
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Rate-Dependent Changes of QT Interval 


in Healthy Subjects 
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Dependence. of QT interval duration on cardiac 
heart rate has been well established and is con- 
sidered to be an intrinsic property of ventricular 
myocardium. Conclusive results of autonomic in- 
fluences on such phenomena are lacking. To 
evaluate whether rate-dependent changes of QT 
interval are conditioned by the autonomic ner- 
vous system, 28 normal subjects with no heart 
disease and a normal QT interval were electro- 
physiologically assessed. The QT interval was 
calculated at 6 paced cycle lengths (600, 540, 
500, 460, 430 and 400 ms) during the basal 
state, and after 6 blockade (propranolol 0.2 
mg/kg) and autonomic blockade (propranolol 
plus atropine 0.04 mg/kg). Because of atrioven- 
tricular nodal conduction limits, intrapatient 
cross-comperisons were performed in 10 sub- 
jects (aged <2 + 15 years). Single regression 
lines, evaluated in each subject, showing correla- 
tion between pacing cycle length and QT dura- 
tion at each of the 3 states were analyzed. The 
mean slope ebserved after autonomic blockade 
(b = 0.10 + 9.04) was significantly lower than 
that seen during the basal state (b = 0.22 + 
0.12, p <0.@5) and after 8 blockade (b =0.23 + 
0.08, p <0.@5); nonsignificant differences were 
found between slopes during the basal state and 
after 6 blockade. Results showed that vagal tone 
increased in-rinsic dependence of QT at increas- 
ing cycle length, whereas sympathetic tone did 
not seem to interfere significantly. Since (in 
each subjecf) 8 blockade was performed — or 
achieved —-before atropine administration, the 
vagal influences are likely to be directly exerted 
on the ventrcular electrophysiologic substrate. 
_Am J Cardiol 1991;68:1188-1193) 
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changes of the QT interval from the surface 

electrocardiogram is increasing: The QT inter- 
val is, in fact, a marker of ventricular depolarization 
and repolarization,! which, if abnormal, has been hy- 
pothesized to identify patients at increased risk of devel- 
oping ventricular fibrillation and sudden cardiac death 
in various clinical situations.2~° 

Although several factors, including electrolyte dis- 
turbances,'° drugs! and autonomic tone,!!-!9 may in- 
fluence the QT interval, heart rate is a major determi- 
nant of its duration, and this relation has been well es- 
tablished.!%1? Changes in the autonomic tone may 
condition the QT interval both indirectly, by modulat- 
ing basal heart rate, and directly, by affecting depolar- 
ization and repolarization kinetics of myocardial cells 
through neural and receptor-mediated mechanisms. 
The effect of sympathetic nervous activity on the QT 
has clearly been demonstrated,''-!4 and the prevalence 
of parasympathetic tone on the QT interval and ven- 
tricular refractoriness has been observed in elderly 
healthy subjects,'® in young healthy volunteers during 
dynamic exercise” and in clinically heterogeneous pa- 
tients. !° 

Attempts have been made to model parametrically 
the relation between the QT and RR intervals. Bazett’s 
formula is most often used; however, it has been shown 
to predict the QT interval inaccurately when evaluated 
during atrial pacing,!4-!>.!7-!8 after administration of B- 
blocking or vagolytic agents, and at spontaneous low 
and high heart rates. Jonnalagedda et al!3 showed that 
a monoexponential fitting was a more correct mathe- 
matic representation of this relation when considering a 
large range of physiologic cycle lengths, particularly 
during exercise. 

Atrial pacing has been used to achieve changes in 
heart rate independent of autonomic tone: in fact, it 
abolishes the natural relation of heart rate and ventric- 
ular repolarization induced by autonomic tone influ- 
ence, thus allowing evaluation of direct effects on the 
QT interval exerted by autonomic pharmacologic ma- 
nipulations, !>:!7-18 


D linical interest in evaluating rate-dependent 
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Nut 


RR Interval (ms) 


BS BB 


880 933 

900 1,071 

680 772 

729 871 736 

787 1025 564 

728 844 576 

772 973 734 

834 876 640 

600 790 650 

790 935 650 340 


770 909 671.6 366.6 
+91 +97 +72 +34 


L <0.001 | 
<0.01 


Corrected QT Interval (ms) 


BB BS BB 


405 

450 440 

342 393 

375 432 414 
363 394 358 422 
378 430 411 429 
373 366 378 410 
368 409 393 421 
400 437 413 453 
350 439 394 415 


380.4 417.8 399.6 422.8 
+31 J +26 +22 +12 


E605 oe A001 P! 
<0.01 hay NS TTS 


AB = after autonomic blockade; BB = after B blockade; BS = basal state; NS = not statistically significant; SD = standard deviation. 


Autonomic influences on the QT interval are diffi- 
cult to interprete reliably because they have not been 
clearly defined in normal subjects. Up to now there is 
evidence that the rate-dependent changes of the QT in- 
terval represent an intrinsic property of ventricular 
myocardium!8; conclusive results of autonomic influ- 
ences on these changes are lacking, both in normal sub- 
jects and in patients with organic heart disease. 

The purpose of the present study was to evaluate 
whether rate-dependent changes of QT interval in nor- 
mal subjects are only due to intrinsic properties of ven- 
tricular myocardium, or are in some way conditioned 
by the sympathetic and vagal systems. 


METHODS 

Twenty-eight healthy subjects referred to our cen- 
ter because of paroxysmal reentrant supraventricular 
tachycardia were recruited for the study, which was 
part of an electrophysiologic investigation to localize the 
tachycardia circuit and to define the properties of the 
retrograde bypass tract involved during paroxysmal epi- 
sodes.?! 

No subject had either preexcitation syndrome or 
structural heart disease identified by history, physical 
examination, standard 12-lead electrocardiogram, chest 
x-ray and echocardiogram. All subjects had normal 
basal and corrected QT interval. Electrolytes and T3, 
T4 values were within the normal range at the time of 
the study. All cardioactive medications and drugs hav- 
ing effects either on the autonomic system or on QT 
duration were terminated before catheterization for a 
period that exceeded 5 half-lives of any agent. 

The electrophysiologic investigation was performed 
in the postabsorptive, nonsedated state. For atrial pac- 





ing, 1 of the 4 electrode catheters used in our paroxys- 
mal supraventricular tachycardia study protocol’? was 
positioned at the superior lateral part of the right atri- 
um. Pacing was performed using a custom-designed 
battery-powered stimulator producing square-wave im- 
pulses of 2 ms duration at twice diastolic threshold. 

In each subject the QT interval was calculated dur- 
ing atrial pacing at 6 different cycle lengths (600, 540, 
500, 460, 430 and 400 ms) during the basal state. This 
protocol was repeated 15 minutes after the administra- 
tion of intravenous propranolol, 0.2 mg/kg, and again 5 
minutes after intravenous atropine, 0.04 mg/kg. The 
entire study was completed within 25 minutes after at- 
ropine administration. Electrocardiographic leads I, II, 
III and V, as well as intracardiac recordings (frequency 
range 30 to 500 Hz) were simultaneously recorded 
on a multichannel Hewlett-Packard oscilloscopic photo- 
graphic recorder at a paper speed of 100 mm/s. 

A comparison of the QT interval among the 3 dif- 
ferent conditions, i.e., basal state, and after 6-blockade 
and autonomic blockade, was then performed in each 
subject at each of the 6 cycle lengths used. 

Of the 28 subjects initially recruited, final selection 
for the purpose of the study only involved those who, 
during atrial pacing, met the following criteria: (1) 1:1 
atrioventricular conduction up to a cycle length <600 
ms; (2) normal QRS complex; (3) clearly detectable T 
waves; (4) absence of U waves; (5) intrapatient QT 
interval comparisons available in the 3 states in 23 of 
the 6 atrial pacing lengths used. Five subjects were ex- 
cluded because of the appearance of right bundle 
branch block during atrial pacing, 2 because of poor 
quality of electrocardiographic tracing and 11 because 
of a Wenckebach atrioventricular nodal block appear- 


AUTONOMIC CONDITIONING ON QT INTERVAL 1189 


4 


x. 


~ 


Ada 


al et ee 


0 eee E 


ie 


men 


r) 





Pret. sa a ar Py Sore OP Te, Tete) Ts ee. ae teks gah "Ee y's 
À ) s arr © s; s a% wi #3 — j: : — TE z . 
3 í ` A l . l 


TABLE Il Slopes of Regression Curves Calculated in Each 
Subject During the Basal State, and After Beta Blockade and 
Autonomic Bloekade 


OANA AWD Fe 


Abbreviations asan Table |. 


ing at an atrial pacing length >500 ms in at least 1 of 
the 3 states. Only 10 subjects met such criteria and 
entered thus the final study. 

For each subject, lead II was used for QT measure- 
ment, when xossible; otherwise, any of the other leads 
in which the QT interval was the longest clearly detect- 
able was used. The QT interval was measured from the 
onset of the Q (or R) wave to the termination of the T 
wave, which was determined by the intersection of the 
T wave and the isoelectric baseline. During atrial pac- 
ing, 1:1 atrioventricular conduction was maintained and 
each cycle length was recorded for at least 8 complexes. 
The QT interval was measured in the last paced beat 
and in the same lead before and after drug inter- 
ventions. 

Statistical methods: The dependence of QT dura- 
tion on cycle length was analyzed by simple linear re- 
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gression in each condition (basal state, and after 8 
blockade and autonomic blockade). Parallelism of re- 
gressions was tested with a l-way analysis of variance 
followed by a Sheffé’s test for preplanned comparisons. 
Paired observation of sinus cycle length and QT inter- 
val duration comparing basal state after 8 blockade and 
autonomic blockade was tested with Student’s ¢ test. 


RESULTS 

Ten subjects (4 men, 6 women; mean age 42 + 15 
years) were finally selected for intrapatient comparison 
of rate-dependent QT changes during the basal state, 
and after 8 blockade and autonomic blockade. Seven 
subjects had an atrioventricular nodal reentrant parox- 
ysmal supraventricular tachycardia and 3 a paroxys- 
mal supraventricular tachycardia involving a concealed 
Kent bundle.** Mean basal sinus cycle length increased 
significantly after @ blockade (770 + 91 vs 909 + 97 
ms, p <0.001) and decreased significantly after auto- 
nomic blockade (770 + 91 vs 672 + 72 ms, p <0.01). 
The measured QT interval was significantly longer af- 
ter 6 blockade than during the basal state (367 + 34 vs 
380 + 31 ms, p <0.05) and significantly shorter after 
autonomic blockade (367 + 34 vs 346 + 19 ms, p 
<0.01). In contrast, basal QTc, calculated using Ba- 
zett’s formula, was significantly shorter after 8 block- 
ade than during the basal state (418 + 26 vs 400 + 22 
ms, p <0.01), whereas there were no significant differ- 
ences after autonomic blockade (418 + 26 vs 423 + 12 
ms, p = not significant) (Table I). 

Mean paced QT, which refers to the QT interval 
measured during constant atrial pacing, showed a pat- 
tern of shortening equal to the cycle length shortening, 
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from 600 to 400 ms in all the 3 states. However, it was 
markedly shorter after autonomic blockade than during 
the basal state and after 8 blockade; this difference was 
more evident at higher cycle lengths. 

The linear relation between atrial pacing length and 
mean QT interval duration in each of the 3 states was 
good (range 0.60 to —0.98 during the basal state; 0.69 
to 0.99 after 8 blockade; 0.45 — 0.98 after autonomic 
blockade). 

Single regression lines were evaluated in each sub- 
ject and pooled at each of the 3 states (Table II, Fig- 
ure 1). The mean slope observed after autonomic 
blockade (b =0.10 + 0.04) was significantly lower 
than both during the basal state (b = 0.22 + 0.12, p 
<0.05) and after 8 blockade (b=0.23 + 0.08, p 
<0.05), whereas no statistically significant differences 
were found in the slopes during the basal state and af- 
ter @ blockade. To prove that the lower slope after 
autonomic blockade was not due to decreased starting 
QT interval values, the mean (b = 0.11 + 0.04) of 4 
slopes in an autonomic blockade subgroup with higher 
intrinsic QT was evaluated, and no differences were 
found compared with the whole autonomic blockade 
pattern (b = 0.10 + 0.04, p = not significant). 


DISCUSSION 

Besides the influences of heart rate on QT duration, 
the autonomic system has also been shown to affect the 
QT by both its adrenergic and cholinergic limbs; how- 
ever, it is not clear to what extent these effects are in- 
terrelated in conditioning the ventricular repolarization. 
To our knowledge, no direct influence of the autonomic 
system on rate-dependent changes in QT has been 
demonstrated in healthy subjects. 

In the present study, the QT interval progressively 
shortened as heart rate increased in 6 steps, from 100 
to 150 beats/min in all 3 states where such a relation 
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was evaluated (i.e., during the basal state, and after 6 
blockade and autonomic blockade) (Table III). QT in- 
terval rate-related shortening was less marked after 
autonomic blockade than during the basal state and af- 
ter 8 blockade. A good correlation was found between 
the paced cycle length and QT duration in each of the 
3 states. When single regression lines were compared, 
the mean slope observed after autonomic blockade was 
significantly lower than that in the basal state and after 
8 blockade (Table II). This finding confirms that the 
dependence of the QT interval on heart rate is an in- 
trinsic electrophysiologic property of ventricular myo- 
cardium; in fact, after autonomic blockade, the QT 
shortening is directly related to reduction in ventricular 
pacing length. However, results show that this property 
is influenced by the autonomic nervous system; in fact, 
the smallest differences between basal and intrinsic du- 
ration are present at lowest cycle lengths, with a gap 
that progressively lengthens as pacing length is pro- 
longed (Table III). Such autonomic conditioning ap- 
pears to be essentially vagal, because 6 blockade alone 
does not modify mean basal regression slope (Table II). 
This is in agreement with most studies dealing with 
pharmacologic manipulations on the QT, in which pro- 
pranolol was substantially unable to induce significant 
changes in its duration.!3:!823 The cholinergic system is 
likely to “directly” affect the intrinsic electrophysiologic 
properties of ventricular myocardium, since cholinergic 
blockade was achieved, in each subject, after 6 block- 
ade, thus preventing adrenergic-vagal interactions at 
both the presynaptic and postsynaptic sites.242° Al- 
though a slight $-adrenergic residual activity on the 
ventricles occurred with the doses of propranolol we 
used, electrophysiologic effects achieved with higher 
doses are believed to be due to mechanisms other than 
B-receptor blockade’; moreover, the 8-blocking dosage 
used in this study induced a complete or very advanced 
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block on automaticity of the sinus node, an area at 
much higher G-receptor density than ventricular myo- 
cardium.28 Alpha; adrenergic influences, which have 
been proven to prolong action potential duration of ven- 
tricular myceardium,”? do not appear to play a major 
role in the present study on autonomic conditioning of 
rate-dependent changes in QT. In fact 6 blockade nei- 
ther modified the regression curve of RR-QT relation, 
nor caused emy significant difference on the QT interval 
at the different paced cycle lengths (Table II). Once 
B-adrenergic tone had been cut off, this should not oc- 
cur if œ tone was seen to possess a conditioning influ- 
ence on ventricular repolarization, unless a QT shorten- 
ing was hypothesized; according to data reported from 
experimental studies, this should not be expected. 

Although direct effects of acetylcholine on ventricu- 
lar myocardium have long been excluded, recent re- 
ports suggest an acetylcholine-induced prolongation of 
action potential duration in isolated canine ventricular 
epicardium. Our data suggest the presence of a direct 
effect of the vagal system on ventricular electrophysio- 
logic properties in normal subjects. Whether such dif- 
ference is achieved through central or peripheral mech- 
anisms2° remains unanswered by the present study 
design. 

In contrast to previous reports in which a choliner- 
gic-mediated lengthening of QT duration has been 
shown,!> the present study focuses on the influences of 
the autonomic system on rate-dependent changes of the 
QT interval Ahnve and Vallin,'* using a similar study 
design, found that cholinergic inhibition produced a 
rate-independent effect on the paced QT duration, 
which reached statistical significance at 90 beats/min, 
but not at 130 beats/min. However, there was neither 
an analysis on regression curves performed on multiple 
cycle length points, nor a complete pharmacologic auto- 
nomic blockade achieved: this last point does not allow 
one to draw any conclusion about the direct influence 
of autonomic limbs on the QT interval. 

Study limitations: The main limitation of the pres- 
ent study is the number of subjects in which intrapa- 
tient comparison of single regression lines showing a 
correlation between pacing cycle length and QT inter- 
val was evaluable, especially at the higher paced rates. 
This was mastly due to the appearance of atrioventricu- 
lar nodal Wenckebach block. In our study we used the 
atrial pacing procedure in order to achieve changes in 
heart rate mdependent of autonomic tone, thus allow- 
ing, in an experimental setting, evaluation of direct ef- 
fects of phammacologic autonomic manipulations on the 
QT interval.'>:'7!8 However, atrial pacing has some 
limitations, most important of which is the presence of 
atrioventricular block while increasing pacing rate; this 
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becomes more evident when propranolol administration 
is considered in the study design. Another limitation is 
the relatively high intrinsic heart rate in most subjects, 
which consistently lowered the highest cycle length dur- 
ing the atrial pacing procedure. Both factors limited the 
range of explored pacing lengths. However, compari- 
sons of single-subject regression curves in the 3 states 
were performed in the linear portion of the exponential 
curve, reflecting a physiologic relation between heart 
rate and QT duration, and final data have to be re- 
ferred to such portion of the curve. 

We did not evaluate the autonomic influences on 
QT hysteresis, because the time delay in the change of 
the paced QT interval after an abrupt change in pacing 
frequency required a period of time that was too long to 
fit in with the duration of pharmacologic autonomic 
blockade. 
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Electrophysiologic Profile of Ibopamine in 
Patients with Congestive Heart Failure and 
Ventricular Tachycardia and Relation to 
its Effects on Hemodynamics and 
Plasma Catecholamines 


Dirk J. Van Veldhuisen, MD, Harry J. Crijns, MD, Armand R. J. Girbes, MD, 
Tom J. M. Tobé, MD, Ans C. P. Wiesfeld, MD, and K. I. Lie, MD 


Programmed electrical stimulation was per- 
formed in 12 patients with moderate to severe 
congestive heart failure and ventricular tachy- 
cardia (VT) to study possible arrhythmogenic 
properties of ibopamine, a new orally active do- 
pamine aganist. Ibopamine induced no signifi- 
cant changes in spontaneous cycle length, PR, 
QRS, QTc, AH or HV intervals, and also right 
ventricular effective refractory periods were un- 
affected (fer paced cycle lengths of 600 and 430 
ms, respectively, using 1 extrastimulus: 287 + 
16 ms at baseline vs 283 + 27 ms after ibopa- 
mine and 270 + 23 ms during the control study 
vs 262 + 19 ms after ibopamine). In 6 of the 8 
patients with coronary artery disease but in none 
of the 4 patients with dilated cardiomyopathy, 
sustained YT was induced before and after ibo- 
pamine. Prearrhythmia was present in 1 patient, 
who became inducible after ibopamine. However, 
1 patient had sustained VT only at baseline but 
not after ibopamine. The number of extrastimuli 
required fer VT induction was equal (2.7 + 0.2 
vs 2.7 + 0.2). Holter monitoring showed no 
changes in ventricular premature complexes, 
ventricular couplets and runs of VT after 1 week 
of ibopamime therapy. The signal-averaged elec- 
trocardiogram was abnormal in 11 and showed 
late potentials in 5 patients, but no changes oc- 
curred after ibopamine. During hemodynamic 
evaluation, increases in cardiac (32%) and 
stroke volume (34%) indexes were seen after 
administration of 100 mg of ibopamine, accom- 
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panied by a decrease in vascular resistance and 
filling pressures. Plasma norepinephrine de- 
creased significantly after ibopamine (p = 0.02) 
but plasma epinephrine was unaffected. In con- 
clusion, ibopamine has no significant proarrhyth- 
mic effects in patients with congestive heart fail- 
ure and VT, presumably because of its favorable 
influence on hemodynamics and plasma norepi- 


nephrine levels. 
(Am J Cardiol 1991;68:1194-1202) 
( miologic and medical problem and is the only 
cardiac disorder that is still increasing in preva- 
lence.! Although treatment with diuretics, digitalis and 
especially converting-enzyme inhibitors has been shown 
to reduce symptoms and prolong survival in CHF,? 
many patients reach a stage where therapeutic control 
with these agents is not sufficient anymore. In this ’ 
context, newer agents have been developed that act by 
increasing tissue cyclic adenosine monophosphate re- 
sulting in positive inotropic action and vasodilation. Al- 
though these oral inodilators, including phosphodiester- 
ase inhibitors, 6-adrenergic agonists and dopaminergic 
agents have shown beneficial short-term hemodynamic 
effects, their value in the long-term treatment of CHF 
may be offset by a propensity to cause proarrhyth- 

mia.3-4 

Ibopamine is a new orally active dopamine agonist 
that activates dopamine-, 8, and, at higher doses, a re- 
ceptors.’ Earlier studies with ibopamine have shown 
beneficial hemodynamic effects.’ However, there are 
no data on its electrophysiologic or arrhythmogenic 
properties in patients with CHF. Because these studies 
are important to establish its clinical applicability, we 
performed programmed electrical stimulation before 
and after ibopamine administration in patients with 
CHF and ventricular tachycardia (VT). Furthermore, 
acute electrophysiologic changes were related to the in- 


ongestive heart failure (CHF) is a large epide- 
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fluence of ibopamine on hemodynamics and plasma 
catecholamines. 


METHODS 

Patients: The study population consisted of 12 pa- 
tients with CHF and low ejection fraction (<40%) doc- 
umented by radionuclide ventriculography. All 12 had 
spontaneous VT for which amiodarone had been insti- 
tuted on empirical grounds. Patients who had serious 
complicating illnesses or in whom short-term survival 
was not expected were excluded. Written informed con- 
sent was obtained before the study and the protocol was 
approved by the Medical Ethics Committee of the Uni- 
versity Hospital Groningen. 

Study design: After the control period, patients un- 
derwent a baseline electrophysiologic study in the non- 
sedated postabsorptive state. Seven days later, a second 
study was performed, this time after | tablet of 100 mg 
ibopamine had been administered at exactly 8:00 A.M. 
After the catheters were inserted and the position was 
stable, patients were allowed >15 minutes of accom- 
modation. Thereafter measurements started at 9:00 
A.M. Although no plasma levels of epinine — the active 
metabolite of ibopamine — were determined, this 1- 
hour interval between drug administration and start of 
measurements guarantees adequate plasma drug levels 
during the studies.>-’ 

Converting-enzyme inhibitors and vasodilators were 
discontinued 5 drug half-lives before the studies. Amio- 
darone was continued throughout the studies at a sta- 
ble dose and digoxin was continued only in patients 
with atrial fibrillation (n = 5) for rate control. Diuretic 
drugs were administered as required to control pulmo- 
nary congestion. 

Electrophysiologic studies: After local lidocaine an- 
esthesia, 2 6Fr quadripolar catheters and 1 5Fr bipolar 
catheter (USCI, C.R. Bard, Inc., Billerica, Massachu- 
setts) were introduced through a femoral vein. One 
quadripolar catheter was positioned in the right ventric- 
ular apex and 1 quadripolar catheter high in the right 
atrium. The bipolar catheter was placed across the tri- 
cuspid valve in the region of the His bundle. Surface 
electrocardiographic leads I, II, IH and V; were record- 
ed together with intracardiac electrograms. Phasic arte- 
rial pressure was monitored using a femoral artery 
catheter. Electrograms and arterial pressure were dis- 
played on a multichannel oscilloscope (Type MS 8010, 
Lucius & Baer, Geretsried, Germany) and record- 
ed using paper speeds of 25 to 100 mm/s (ES 1000 
recorder, Gould Instruments S.A.F., Ballainvilliers, 
France). Ventricular effective refractory periods were 

determined with the extrastimulus technique, using a 
= custom built programmable stimulator (model 5328, 
Medtronic, Inc., Minnesota). Programmed stimulation 


was performed at twice diastolic threshold with rectan- 
gular stimuli of 2 ms duration from the right ventricu- 
lar apex using single (S2), double (Sj S3) and triple 
(S2 S; S4) extrastimuli. Timed extrastimuli were given 
after 8 paced beats with a cycle length of 600, 500 or 
430 ms. If the patient was not inducible from the right 
ventricular apex, the catheter was placed in the right 
ventricular outflow tract. Stimulation was performed 
until sustained VT or fibrillation was induced, or until 
completion of the protocol in both right ventricular 
apex and outflow tract, as described by Wellens et al.8 
Induction was not attempted by interval pacing. Sus- 
tained VT was defined as lasting 230 seconds or re- 
quiring termination before that because of hemody- 
namic compromise. Nonsustained VT (26 ventricular 
beats) was not considered as an end point for the stud- 
ies.8 

Criteria for proarrhythmia during programmed 
stimulation were defined as follows?:!®: (1) conversion 
of no VT or nonsustained VT induced at baseline to 
sustained VT after ibopamine; (2) increased ease of 
sustained VT induction, i.e., at least 2 extrastimuli less 
required to induce VT after ibopamine; (3) monomor- 
phic sustained VT before but polymorphic VT or ven- 
tricular fibrillation after ibopamine; and (4) increase in 
rate of induced VT after ibopamine, thereby causing 
hemodynamic deterioration, requiring cardioversion. 

Holter recordings: Al! patients had 48-hour electro- 
cardiographic recordings (Laser System, Marquette 
Electronics Inc., Milwaukee, Wisconsin) in the control 
state and after 1 week of treatment with ibopamine 100 
mg 3 times daily. VT was defined as a run of 23 con- 
secutive ventricular premature beats with a frequency 
of more than 100 beats/min. Proarrhythmia was de- 
fined according to the criteria of Morganroth and Ho- 
rowitz.!! 

Signal-averaged electrocardiogram: During the day 
the hemodynamic measurements were obtained, and 
signal-averaged electrocardiograms were recorded 
while subjects rested in a supine position. Beats were 
recorded for 90 seconds and averaged using an iterative 
cross-correlation procedure to optimize QRS align- 
ment. A bidirectional 40 Hz filter was used.!* Filtered 
QRS duration, root-mean-square voltage (V40) and 
low-amplitude signals (D40) were all determined using 
standard criteria.!%!3 In the presence of intraventricular 
conduction disturbances, the criteria of Buckingham et 
al'* were used and presence of late potentials was de- 
fined as an abnormal filtered QRS (2115 ms) plus 
either a prolonged D40 (>40 ms) or a decreased V40 
(<20 mV). 

Hemodynamic measurements: After the second 
electrophysiologic study a 7Fr Swan-Ganz catheter 
(American Edwards Laboratories, Irvine, California) 
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TABLE | Patent Characteristics at Baseline and Clinical Course 


Pt* 
No. 


NYHA 
Class 


LVEF 
(%) 


Heart 
Disease 


Age (yr) 


& Sex Rhythm 


OANA AKRWNH 


*Patients in subsequent tables correspond to patients 1 to 12 in this table. 


Sust. VT 
Present 


LVEDD-SD 
(mm) 


Duration 


CHF (mo) Clinical Course 


Died, 18 months: CHF 
Alive, 22 months 

Alive, 22 months 

Alive, 21 months 

Died, 6 months: CHF 
Died, 5 months: cancer 
Died, 2 months: sudden 
Alive, 12 months 

Alive, 20 months 

Alive, 13 months 
Alive, 10 months 

Alive, 6 months 


a 
+ 
0 
+ 
0 
0 
+ 
0 
0 
te 
+ 
0 


AF = atrial fibrilletion; CAD = coronary artery disease; CHF = congestive heart failure; IDC = idiopathic dilated cardiomyopathy; LVEDD-SD = (echocardiographic) left ventricular 
end-diastolic and emd-systolic diameter; LVEF = left ventricular ejection fraction; NYHA = New York Heart Association (functional class); SD = standard deviation; SR = sinus rhythm; 


Sust. VT = sustaimed ventricular tachycardia. 


was position=d in the pulmonary artery to monitor pul- 
monary capillary wedge, pulmonary arterial and cen- 
tral venous pressures. The next day measurements were 
obtained at baseline and after 100 mg of oral ibopa- 
mine. Hemodynamic measurements were determined 
as previously described.!° Thereafter, oral ibopamine 
was continued in a dose of 100 mg/day 3 times daily. 

Plasma catecholamines: Resting plasma norepi- 
nephrine and epinephrine levels were determined using 
high-perforrzance liquid chromatography with electro- 
chemical detection.!© Each patient had an intravenous 
cannula placed in a brachial vein. Blood was drawn 
after a perioc of >30 minutes of bedrest. Samples were 
taken in the fasting state before and after 1 week of 
ibopamine tseatment. Normal values are 255 to 378 
pg/ml for nerepinephrine and 23 to 35 pg/ml for epi- 
nephrine in eur laboratory. 

Statistical analysis: All values are expressed as 
mean + stemdard deviation for normal distribution or 
as median wth range or confidence intervals for abnor- 
mal distribution. Data before and after ibopamine were 
compared wth either Student’s paired f test (normal 
distribution’ or with Wilcoxon ranked test (abnormal 
distribution’ A p value <0.05 was considered signifi- 
cant. 


RESULTS 

Patients (Table 1): All patients were limited by 
symptoms of CHF despite maximal oral medication 
including ccnverting-enzyme inhibitors and diuretics 
(n= 12), cgoxin (n= 11) and long-acting nitrates 
(n =7). In addition, all patients received long-term 
(>3 months) empirical amiodarone therapy for sus- 
tained (n = 6) or symptomatic nonsustained (n = 6) 
VT. Maintenance dose was 200 to 400 mg/day (mean 
283 + 103 mg). 
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Electrophysiologic effects: [bopamine did not sig- 
nificantly affect spontaneous cycle length, PR, QRS, 
QTc, AH or HV intervals. Ventricular rates were un- 
changed in both patients with sinus rhythm and pa- 
tients with atrial fibrillation. Furthermore, ibopamine 
did not influence right ventricular effective refractory 
periods (Table II). During the baseline study and after 
ibopamine, monomorphic VT was induced in 6 of the 8 
patients with coronary artery disease and in none of the 
4 patients with dilated cardiomyopathy (Table III). 
None of the induced monomorphic VTs deteriorated 
into polymorphic VT or fibrillation. In addition, the 
number of different VT morphologies was unchanged 
after ibopamine (1.2 + 0.4 per patient at baseline vs 
1.5 + 0.5 after ibopamine; p = not significant [NS]). 
All VTs were initiated from the right ventricular apex. 
Pacing from the right ventricular outflow tract yielded 
no additional inducible tachycardias. Before and after 
ibopamine, 2.7 + 0.2 extrastimuli were required for VT 
induction, and cycle length of induced identical VTs 
was equal (287 + 38 ms at baseline vs 287 + 38 ms 
after ibopamine). 

Using the aforementioned programmed stimulation 
criteria,?! 1 patient (no. 2, Table III) had proarrhyth- 
mia from ibopamine because he had a sustained VT 
induced only after ibopamine. In contrast, 1 patient 
(no. 6) had sustained VT before but not after ibopa- 
mine. Two patients (nos. 3 and 8) did not have a car- 
diovascular collapse during VT after ibopamine allow- 
ing VT termination by timed extrastimuli, thereby 
avoiding electrical cardioversion (Figure 1). In general, 
mean arterial blood pressure during VT tended to be 
higher after ibopamine than at baseline (44 + 30 vs 31 
+ 19 mm Hg; p= NS). 

Ambulatory electrocardiography: During 48-hour 
Holter monitoring there were large differences between 
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patients and a large day-to-day variability in individu- 
al patients. Ventricular premature complexes per 24 
hours (control: median 1,960 [range 78 to 19,795] vs 
853 [range 10 to 7,729] during ibopamine) and ventric- 
ular couplets (control: median 19 [range 1 to 591] vs 7 
[range 0 to 287] during ibopamine) showed a tendency 
to decrease during ibopamine treatment (p = NS). The 
number of VTs was unchanged (control: median 0 
[range 0 to 16] vs 0 [0 to 39] during ibopamine) and the 
rate of VT was equal (136 + 13 vs 139 + 27 beats/ 
min). Using the Morganroth criteria,'! 6 patients had a 
change in ventricular arrhythmias after ibopamine. 
Two patients developed 1 episode of VT (3 beats) and 
| patient had a significant increase in rate of the fastest 
VT (from 4 beats at a rate of 128 beats/min to 4 beats 
at a rate of 185 beats/min). However, 3 patients had a 
significant decrease in arrhythmias after ibopamine. 
Signal-averaged electrocardiogram: Of the 12 pa- 
tients, 2 had a bundle branch block (1 left, 1 right). 
Patients with coronary artery disease had longer fil- 
tered QRS duration (155 + 21 ms) than did patients 
with cardiomyopathy (124 + 12 ms) (Table IV). Using 
the aforementioned criteria, 5 patients (42%) had late 
potentials and all 5 had coronary artery disease. There- 
fore, late potentials were present in 5 of 8 patients 
(63%) with coronary artery disease but in none of 
the patients with cardiomyopathy (0 of 4). Administra- 


TABLE II Electrophysiologic Measurements During Control 
Study and After Ibopamine* 


Intervals Control Ibopamine 


825 + 189 


SCL (ms) 877 + 152 


PR (ms) 
QRS (ms) 
QTc (ms) 
AH (ms) 
HV (ms) 


PCL (ms)-ES 


ERP 600-1 
600-2 
500-1 
500-2 
430-1 
430-2 
600-3 
500-3 
430-3 


211 £:25 
134 + 23 
488 + 55 
132 + 30 
68 + 16 


287 + 16 
264 + 42 
273: +23 
249 + 38 
270 + 23 
234 + 39 
2554:36 
237 EAI 
230 + 31 


217 S31 
134 + 23 
497 + 44 
133 +30 
72+14 


283 + 27 
256 + 30 
267 + 29 
243 + 42 
262 + 19 
Pol £29 
250 + 26 
240 + 21 
233- 27 


*No significant changes after drug administration. 
ERP = effective refractory period; ES = number of timed extrastimuli; PCL = paced 
cycle length; QTc = corrected QT interval; SCL = spontaneous cycle length. 





tion of ibopamine did not cause statistically significant 
changes in the signal-averaged electrocardiogram in 
any of the patients. 

Hemodynamic effects: Cardiac index increased 
from 2.2 + 0.8 to 2.9 + 0.8 liters/min/m? after 100 
mg of oral ibopamine (p <0.001 vs baseline), which 
constitutes a 32% increase (Figure 2). Stroke volume 


TABLE IIl Effect of Ibopamine on Induction and Termination of Sustained Ventricular Tachycardia During Programmed Electrical 


Stimulation* 


Mode of 


Induced VT 
No. of Diff. Terminated 


*All tachycardias were initiated from the right ventricular apex. When 1 sustained ventricular tachycardia was induced, only the first—at the least aggressive stimulation 


protocol—was considered. 


tDepicted as paced cycle length (ms) and number of extrastimuli required. 
cardio. = cardioversion; CL = cycle length of induced VT (ms); Diff. VT Morph. = number of different (induced) VT morphologies; Elect. = electrical; LBBB = left bundle branch 


Control 
Ibopamine 
Control 
lbopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 
Control 
Ibopamine 


Inductiont CL/Morph./Axis 


260/RBBB/right 
260/RBBB/right 
None 
300/RBBB/NW 
260/LBBB/left 
350/RBBB/NW 
260/RBBB/right 
260/RBB/right 
None 

None 
260/LBBB/left 
None 
340/LBBB/left 
340/LBBB/left 
350/LBBB/left 
340/LBBB/normal 
None 

None 

None 

None 

None 

None 

None 

None 


VT Morph. with 


Elect. cardio. 
Burst pacing 
Elect. cardio. 


Elect. cardio. 


1—3 extrastimuli 


Burst pacing 
Elect. cardio. 


Burst pacing 
Elect. cardio. 


Elect. cardio. 
Elect. cardio. 


1—3 extrastimuli 


block; Morph. = morphology-induced VT; NW = northwest (axis); RBBB = right bundle branch block; SR = sinus rhythm; VT = ventricular tachycardia. 
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index increased 34% and stroke work index 40% af- 
ter ibopamine (both p <0.001). Heart rate and blood 
pressure were unaffected throughout the study pe- 
riod. After ibopamine, systemic vascular resistance de- 
creased from 1,441 + 422 to 1,156 + 427 dynes: s» 
cm~’ (p = 0004) and pulmonary vascular resistance 





RVA1 


1 coer oe 
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FIGURE 1. Electrophy 
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decreased from 168 + 85 to 125 + 49 dynes +s +» cm~5 
(p = 0.008). Pulmonary capillary wedge and central 
venous pressures decreased significantly after ibopa- 
mine (p <0.05). 

Plasma catecholamines: Mean resting plasma nor- 
epinephrine levels decreased from 707 + 411 pg/ml 








k recordings from patient 8. Panels A and B were recorded during the control study; panels C and 


siologic 
D were recorded after ibopamine administration. Paper speed is 50 mm/s, and the distance between large time markers is 1 


second. Panel A shows induction of sustained 


ic ventricular tachycardia (VT) (cycle length 350 ms, left axis, left 


bundle branch biock morphology) with 2 extrastimuli (S2, S3) at a paced cycle length of 430 ms. Overpacing with timed extra- 
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(median 501; confidence intervals 409 to 964) at base- 
line to 544 + 288 pg/ml (median 491; confidence in- 
tervals 308 to 728) after 1 week of ibopamine treat- 
ment (p = 0.02) (Figure 3). Mean plasma epinephrine 
levels at baseline were 86 + 77 pg/ml (median 62; con- 
fidence intervals 41 to 105) and went to 69 + 55 (me- 


Sh ST: S14, ShSESTESI 





ih 


S2 S3 S4 


stimuli and subsequent repeated burst pacing (panel B) induces polymorphic VT. Because of 
s ibopamine administration, monomorphic 


His bundle electrode; HRA = high 


sustained 
. Overpacing with timed extrastimuli is attempted and 
right atrium; I, Il, lll, V1 = surface electrocardiogr 


dian 51; confidence intervals 33 to 97) after ibopamine 
(p = NS). 

Follow-up: During long-term ibopamine treatment 
(mean 16 + 6 months; range 6 to 22) 4 patients died. 
There were 3 cardiac deaths. Two patients died of pro- 
gressive heart failure after 6 and 18 months and there 





hemodynamic deterioration electri- 

VT is induced with 3 extrastimuli at a 
terminates VT (panel D). HBE1 = 
aphic leads; RVA1 = right ventricular apex. 
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TABLE IV Reults of Signal-Averaged Electrocardiography 





QRS 
Pt QRS Duration D40 V40 
Morphology (ms) (ms) (mV) LP 









IVCD Control 125* 30 0 

Ibopamine 120% 30 24 O 

2 IVCD Control 170* 57* 10* + 
Ibopamine 1735 65* 9* + 

3 IVCD Control 148* 54* 10* + 
lbopamine 151* See 10* + 

4 IVCD Control 125* 15 36 6) 
Ibopamine 120* 6 42 0 

5 LBBB Control 176* 88* Lait + 
Ibopamine T72 89* 8* + 

6 RBBB Control 174* 48* 7" + 
Ibopamine 176* 47* 14* + 

7 IVCD Control 161* 35 21 0 
Ibopamine 159* 34 25 O 

8 IVCD Control 163* 61* 4* + 
Ibopamine 150* 50% tie + 

9 Normal Control HS” 33 52 0 
Ibopamine 121* 38 49 0 

10 IVCD Control 138* 38 23 O 
Ibopamine 143* 36 23 0 

ll Normal Control 113 35 20 0 
Ibopamine 119* 36 19 0 

12 IVCD Control 128* 39 21 0 
Ibopamine 132* 34 25 0 









*Indicating an abnormal parameter of the signal-averaged electrocardiogram. 
D40 = duration efllow-amplitude signals < 40 mV; IVCD = (nonspecific) intraventricular conduction delay; LP = (presence of) late potentials; QRS = filtered QRS duration; V40 = 
root-mean-square \itage of the terminal 40 ms of the filtered QRS vector complex; + = present; O = absent; other abbreviations as in Table Ill. 







was | sudden death after 2 months. One patient died of DISCUSSION 

metastatic bronchus carcinoma 5 months after therapy This study shows that inodilation with ibopamine in 
with ibopamme was started. The patient with induced patients with CHF and VT improves hemodynamics 
VT only after administration of ibopamine remained and does not have significant proarrhythmic effects as 
event free during follow-up. determined by programmed stimulation. In particular, 


L/min/m2 
ml /beat/m2 
= 
S 


dynes. s. cm-5 
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Stroke volume Systemic vascular 
Cardac index i ; FIGURE 2. Hemodynamic 
meee Lad dpsttas measurements at control (C) 
and after 100 mg of ibopa- 
mine (l). NS = not significant; 
Pulm. cap. = pulmonary cap- 
illary 


p=0.05 


Beats / min 
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„Pulm. cop. Heart rate Mean arterial 
Er wedge pressure pressure 
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this agent does not facilitate tachycardia induction or 
worsen induced VT. In individual patients, ibopamine 
administration may lead to better hemodynamic toler- 
ance of induced arrhythmias. 

In CHF, the most likely underlying arrhythmogenic 
mechanism for VT is reentry, especially in patients with 
an old myocardial infarction.'’ The present data indi- 
cate that ibopamine does not alter the electrophysiolog- 
ic characteristics of reentrant circuits. In the first place, 
it does not shorten refractoriness. Second, looking at 
serial signal-averaged electrocardiograms and at cycle 
lengths of identical VTs, ibopamine does not seem to 
affect conduction. This lack of effect on the electro- 
physiology of reentry is important since it makes delete- 
rious drug actions like facilitation of VT induction or 
deterioration of VT less likely. Furthermore, ibopamine 
does not seem to facilitate atrio-ventricular conduction 
as illustrated by unchanged AH intervals in sinus 
rhythm and equal ventricular rates in atrial fibrilla- 
tion. Facilitation of atrioventricular conduction, how- 
ever, may have been counteracted by concomitant use 
of amiodarone and digitalis. 

Criteria for proarrhythmia during programmed 
stimulation have not been fully established.?:!° In this 
respect it is important to note that all VTs induced 
at baseline were monomorphic, although occasionally 
spontaneous transitions between different morphologies 
of sustained VT occurred. Sustained polymorphic VT 
or ventricular fibrillation was never induced. These 
findings may reflect the presence of stable reentrant cir- 
cuits, which may have been further stabilized by amio- 
darone. This fact enhanced systematic study of induc- 
ibility and proper evaluation of potential proarrhyth- 
mia. 

According to the definitions used, | patient had a 
proarrhythmic response from ibopamine. However, af- 


Norepinephrine 
p=0.02 


FIGURE 3. Resting plasma norepinephrine 
and levels at control and after 
1-week treatment with ibopamine 100 mg 
3 times daily. NS = not significant. 


Control 


ter ibopamine sustained VT was initiated in this patient 
only with the most aggressive stimulation protocol. In 
the remaining 11 patients no proarrhythmia was seen. 
One patient became noninducible after ibopamine and 
in 2 patients sustained VT was hemodynamically better 
tolerated after ibopamine. In addition, in patients with 
sustained VT at both studies, VT was never induced 
more easily after ibopamine. Finally, monomorphic VT 
never deteriorated into polymorphic VT or ventricular 
fibrillation and the number of different VT morpholo- 
gies was unchanged. Although it is difficult to draw 
firm conclusions concerning proarrhythmia in a small 
patient group like the present one, we feel that no sig- 
nificant proarrhythmia was caused by ibopamine in this 
study. 

Influence of neurohumoral and mechanical factors: 
In CHF, shortening of refractoriness may be one of 
the arrhythmogenic factors caused by increased levels 
of circulating catecholamines!®!° and ventricular di- 
latation or stretch.2°7! Improving these abnormalities 
would appear to have beneficial electrophysiologic ef- 
fects. Intravenous dopamine decreases refractori- 
ness, presumably by direct -receptor stimulation.?2 
Furthermore, inotropic agents increase intracellular cy- 
clic adenosine monophosphate and calcium which may 
cause triggered activity and abnormal automaticity.>-4 
Ibopamine also activates 8 receptors and increases cy- 
clic adenosine monophosphate. However, it lowers plas- 
ma norepinephrine levels, in addition to its beneficial 
influence on hemodynamics, and this may have out- 
weighed the intrinsic arrhythmogenic properties of the 
drug. 

Long-term value of ibopamine in patients with con- 
gestive heart failure: Recent large-scale studies with 
phosphodiesterase inhibitors**?4 have raised concern 
about their long-term efficacy and safety. These drugs 


Plasma 
Epinephrine 
p=NS 


Plasma 


Control 


Ibopamine 
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may adversely affect survival, which is partly explained 
by proarrhytamia, presumably due to increases in cy- 
clic adenosine monophosphate? and norepinephrine lev- 
els.2° Iboparrine also increases cyclic adenosine mono- 
phosphate, but in contrast to the phosphodiesterase 
inhibitors, it acts as a neurohumoral antagonist. In ad- 
dition to reducing aldosterone levels,’ ibopamine has 
consistently been shown to reduce plasma norepineph- 
rine levels*’ also during continued treatment.?° This 
decrease in rerepinephrine levels may have long-term 
beneficial effects, in particular with respect to ventricu- 
lar arrhythmias.'® Although its long-term value re- 
mains to be established, ibopamine produced no overall 
increase in ventricular arrhythmias during Holter mon- 
itoring in the present study. 

Study limitations: This study had an open design, 
and therefore data should be interpreted with caution. 
Because resu ts were obtained in patients taking amio- 
darone, data may not be fully applicable to patients not 
receiving this agent. Also, results obtained during inva- 
sive studies may not reflect the electrophysiologic pro- 
file of a drug during everyday life. Finally, the value of 
programmed stimulation to elucidate mechanisms for 
arrhythmias ‘m patients with idiopathic dilated cardio- 
myopathy is bwer than in patients with coronary artery 
disease.?’:28 Electrophysiologic testing in the former of- 
ten produces no monomorphic VT and the presence of 
late potentials is rare.28 These findings suggest that in 
idiopathic dilated cardiomyopathy, triggered activity or 
enhanced automaticity rather than reentry form the ba- 
sis for VT, and thus programmed stimulation may have 
limited value in determining drug-related proarrhyth- 
mia in these patients. 
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Usefulness of OPC-8212, a Quinolinone 
Derivative, for Chronic Congestive Heart Failure 
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To evaluate the safety and efficacy of the inotro- 
pic agent OPC-8212 in patients with chronic 
congestive heart failure, 76 patients with im- 
paired cardiac function and diminished exercise 
tolerance were studied. They were randomized 
to 12 weeks of double-blind therapy with either 
60 mg/day of OPC-8212 or placebo. The study 
drug was added to their baseline medical regi- 
men. The primary study outcome was the com- 
bined outcome of the time to either mortality (of 
all cause) or substantial worsening of heart fail- 
ure (major morbidity), whichever occurred first. 
Treatment with OPC-8212 significantly (p 
<0.01) decreased the combination of major mor- 
bidity /mortality over 12 weeks of therapy. Quali- 
ty of life, assessed by the Sickness Impact Pro- 
file questionnaire, was significantly improved in 
patients receiving OPC-8212 (p <0.01). Further- 
more, ventricular premature contractions as as- 
sessed by 24-hour Holter monitoring were not 
increased with OPC-8212 treatment. Although 
patients treated with OPC-8212 were able to 
reach a significantly higher peak oxygen uptake 
and exercise longer during symptom-limited ex- 
ercise, when data were analyzed as percent 
change from baseline, the absolute increases 
were small. These results suggest that OPC- 
8212 is beneficial in treating patients with con- 
gestive heart failure and that further evaluation 
of this new inotropic agent is warranted. 

(Am J Cardiol 1991;68:1203-—1210) 
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hronic congestive heart failure due to left ven- 
( tricular systolic dysfunction is an increasingly 

common condition! that is associated with a 
poor prognosis.” Inhibition of neurohumoral activation 
with angiotensin-converting enzyme inhibitors has led 
to significant reductions in mortality rate.> However, 
attempts to improve the primary abnormality in the 
failing human heart, diminished myocardial contractili- 
ty, with inotropic agents have provided controversial re- 
sults.4 

OPC-8212 (3,4-dihydro-6-[4-(3,4-dimethoxybenzo- 
yl)-1-piperazinyl]-2(1H)-quinolinone) is an orally ac- 
tive quinolinone derivative that exerts positive inotro- 
pic effects without significant chronotropic or vasodila- 
tory effects.*6 The increase in contractility effected by 
OPC-8212 has been associated with: (1) a decrease in 
delayed outward and inward rectifying potassium cur- 
rent,’ (2) an increase in intracellular sodium,®? (3) an 
increase in whole-cell calcium currents due in part to an 
affect on phosphodiesterase,!° and (4) a rate-dependent 
prolongation of the action potential duration.'! Thus, in 
terms of mechanisms, OPC-8212 is unique in that its 
primary action is on ion channels. 

In studies without concomitant placebo control 
groups, short-term therapy with OPC-8212 has im- 
proved hemodynamic indexes and exercise capacity!*-!4 
in patients with chronic congestive heart failure. Fur- 
thermore, OPC-8212 was beneficial in Asian patients 
with mild chronic heart failure in a randomized dou- 
ble-blind and placebo trial.!> Although well tolerated, 
OPC-8212 has been associated with a 2 to 4% inci- 
dence of reversible agranulocytosis in Caucasian pa- 
tients (Otsuka Pharmaceutical Co., unpublished obser- 
vations). To further evaluate the long-term safety and 
efficacy of OPC-8212 in patients with heart failure we 
have undertaken a placebo-controlled randomized trial. 


METHODS 

Subjects: Patients between the ages of 18 and 
81 years, with chronic congestive heart failure due to 
either coronary artery disease or a nonreversible form 
of dilated cardiomyopathy, were recruited for the 
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study if they demonstrated cardiac enlargement (a car- 
diothoracic ratio 255% on chest roentgenogram; an 
echocardiogrephically determined left ventricular end- 
diastolic dimension <5.8 cm) and diminished left ven- 
tricular performance (left ventricular ejection fraction 
<40%). Patients had symptomatic congestive heart 
failure (New York Heart Association class II to IV) 
despite treatment with varying combinations of diuret- 
ic, angiotensir-converting enzyme inhibitor or a digital- 
is glycoside. Fatients were excluded if their exercise tol- 
erance was limited by symptoms other than shortness 
of breath or fatigue. In addition, patients were excluded 
if they had severe angina pectoris, thyroid disease, 
chronic obstrvetive pulmonary disease, stenotic valvular 
heart disease or a concomitant disease associated with 
significant morbidity or mortality. Patients also were 
excluded if they required 6-adrenergic blocking agents 
for any reasca, or if allopurinol or sustained-release 
procainamide (agents with immunogenic hematotoxic 
potential) were required. Similarly, patients with a pos- 
itive antinuclear antibody titer were excluded because 
of its associaten with drug-induced hematotoxicity. 

Study design: After providing written informed con- 
sent, patients were entered into a 4-week stabilization 
period. Patients treated with digoxin had their dosage 
adjusted to 0.125 mg/day at the time of initial evalua- 
tion. In contrast, digoxin therapy was not begun in pa- 
tients not receiving digoxin at the time of initial evalua- 
tion. During tte stabilization period patients underwent 
routine clinical assessment and =>2 maximal bicycle 
ergometer exercise tests. The latter were performed 
while expired air was collected continually to monitor 
oxygen consumption using a Medical Graphics Corpo- 
ration System 2001 (Minneapolis, Minnesota).!4 After 
4 weeks, patients underwent clinical evaluation and a 
maximal exercise stress test with respiratory gas ex- 
change measurements. Patients were considered to be 
clinically stable if (1) no changes in cardiovascular drug 
therapy had been required, and (2) peak oxygen uptake 
measured during 2 successive exercise tests did not vary 
by >20%. If peak oxygen uptake varied excessively but 
drug therapy was invariant, patients could continue in 
the stabilizaticn period until 2 successive exercise tests 
met the entry criterion. 

Patients meeting all entry criteria were randomized 
(60 mg/day o OPC-8212 or placebo) using a permut- 
ed-block design.'® The randomization was stratified by 
clinic and by t use of digoxin. Treatment assignments 
were open only to a specially designated external Data 
and Safety Menitoring Committee. After randomiza- 
tion, patients underwent measurement of routine blood 
chemistries and hematologic parameters, quality of life 
assessment using the Sickness Impact Profile question- 
naire,!’ an electrocardiogram, and a 24-hour ambulato- 
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ry electrocardiogram (Cardio Data Systems, Hadden- 
field, New Jersey). Patients returned to the clinic 
biweekly for a brief physical examination and measure- 
ment of routine blood chemistries and weekly for he- 
matologic profiles. Full assessments were obtained at 
monthly intervals. The study drug was discontinued if a 
50% decrease in granulocyte count occurred when com- 
pared with a baseline benchmark obtained by averaging 
2 pretreatment granulocyte measurements in the indi- 
vidual patients. 

Prospective criteria were established for study termi- 
nation and included: (1) death from any cause, (2) 
worsening symptomatic heart failure unresponsive to an 
increase in the dosage of diuretic therapy requiring hos- 
pitalization and use of intravenous diuretics, (3) <25% 
decrease in functional capacity as measured by exercise 
testing, or (4) a need for either intravenous inotropic 
support or mechanical circulatory assist. These criteria 
(2, 3 and 4) were used to define clinically substantial 
major morbidity. The primary outcome variable was 
prospectively defined as the combined outcome of the 
time to either mortality (of all cause) or clinically sub- 
stantial worsening of heart failure (major morbidity), 
whichever occurred first. 

Peak oxygen uptake was assessed by an indepen- 
dent observer unaware of both the identity of the pa- 
tients and all clinical historical data regarding patients. 
Peak oxygen uptake was determined by assessing 
oxygen uptake at maximal exercise averaged over 8 
breaths. The interobserver variability, day-to-day repro- 
ducibility, and reliability of this method has been previ- 
ously assessed in normal subjects and patients with 
heart failure. !8 

Statistical analysis: Statistical analysis of the time 
to mortality or morbidity, whichever occurred first, was 
performed using Kaplan-Meier life table estimates of 
the percentage of patients free of both death and a 
morbid event over time. Thus, each patient could con- 
tribute at most | event, either morbidity or mortality. 
The Peto-Prentice Wilcoxon test was used to assess 
statistical significance of the differences between the 
event-free curves. !° 

Quality of life, exercise tolerance, and Holter anal- 
ysis of premature ventricular complexes assessed at 
weeks 4, 8 and 12 were analyzed using the univariate2 
and multivariate?! Wilcoxon nonparametric rank tests. 
The standard univariate Wilcoxon rank-sum test was 
used to assess significance of the differences between 
groups at each of weeks 4, 8 and 12 separately. The 
multivariate Wilcoxon rank-sum test of association,?!:?2 
was then used to assess the significance of the differ- 
ence between groups combined over time. This test is 
based on a combination of the separate Wilcoxon rank 
tests at weeks 4, 8 and 12. 
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The use of a rank test (rather than a test of mean 
values) allows a rank to be imputed for patients whose 
missing data are not missing purely at random or by 
chance. If patients exited the study because of morbid- 
ity or mortality, any data missing from that patient af- 
ter study exit were assigned the lowest tied rank in the 
rank order analysis. Information from patients who 
were lost to follow-up was treated as missing because of 
random (nonbiased) causes, and therefore was not in- 
cluded in the analysis for visits subsequent to study exit. 
This approach allowed information from patients who 
reached a major study end point, and therefore exited 
the study before week 12, to be incorporated in the 
analysis without biasing the overall results.” All statis- 
tical analyses were stratified by randomization to center 
and digoxin therapy. However, statistical analysis was 
not substantially altered when the data were assessed 
without accounting for stratification. 


RESULTS 

Patient characteristics: In all, 123 patients were 
screened for entry into the study from December 15, 
1987 to January 27, 1989. Eighty of these patients sub- 
sequently were randomized; however, 4 patients were 
identified as having etiologies of heart disease other 
than ischemic heart disease or idiopathic dilated cardio- 
myopathy and the data from these patients were not 
included in the study analyses. Three patients died dur- 
ing the stabilization period, whereas 14 had marked 
clinical deterioration. The characteristics of the patients 
randomized to either OPC-8212 or placebo were simi- 
lar (Table I). There was also concordance among base- 
line clinical characteristics in the 2 study populations 
(Table II). 

Morbidity/mortality: Life table analysis demon- 
strated a significantly greater time to a morbid event or 
death in the OPC-8212-treated group than in the pla- 
cebo-treated group (Figure 1). When mortality alone 
was analyzed, a larger number of patients (p <0.05) 
died in the placebo group than in the OPC-8212 treat- 
ment group. Sixty-three patients (35 taking OPC-8212, 
28 taking placebo) completed the study. In the OPC- 
8212 treatment group, | patient died subsequent to an 
acute myocardial infarction. A second patient had a 
nonfatal myocardial infarction and was removed from 
the study after developing ventricular tachycardia after 
infarction. He was subsequently treated with open-label 
OPC-8212 and was considered lost to follow-up in the 
statistical analysis. Another patient was lost to follow- 
up in the OPC-8212 group because of unwillingness to 
continue frequent clinic visits. 

In contrast to the OPC-8212 treatment group, 6 
deaths occurred and 3 patients experienced worsening 
heart failure in the placebo treatment group. Death was 


TABLE I| Patient Characteristics 


OPC-8212 
(n = 38) 


Placebo 
(n = 38) 


Etiology of heart failure 
Coronary artery disease 
(%) 
Idiopathic dilated cardi- 
omyopathy (%) 
Medical therapy 
Angiotensin-converting 
enzyme inhibitor (%) 
Antiarrhythmic agent 
(%) 
Diuretic (%) 
Digoxin levels (ng/ml) 
Sex 
Men (62) 32 (84%) 30 (79%) 
Women (14) 6 (16%) 8 (21%) 
Age (median year) 62 55 


19 (50) 19 (50) 


19 (50) 19 (50) 


23 (61) 23 (61) 


16 (42) 13 (34) 


34 (89) 
0.98 + 0.08 


33 (87) 
0.84 + 0.08 


TABLE li Baseline Comparability 
Placebo 


OPC-8212 Value 





Heart rate (beats/min) 


Median 80 80 NS 
25th percentile 72 72 
75th percentile 91 85 
Ejection fraction (%) 
Median 24 24 NS 
25th percentile 14 20 
75th percentile 29 28 
Fractional shortening (%) 
Median 13.1 15 NS 
25th percentile 11.8 13.7 
75th percentile 18.7 19 
Quality of life (SIP total) 
Median 6.6 6.4 NS 
25th percentile 32 2.6 
75th percentile 14.0 13.0 
Ventricular premature 
complexes 
Median 21.2 65.4 NS 
25th percentile 3:7 6.8 
75th percentile 151.5 259.2 
Peak oxygen uptake (ml/ NS 
kg/min) 
Median 14.3 12.5 
25th percentile 11.7 Tis 
75th percentile 15:95 16.3 
Exercise time 
Median 11.3 El NS 
25th percentile 8.3 9.8 
75th percentile 13.2 12.1 


NS = not significant; SIP = Sickness Impact Profile. 


attributable to an acute myocardial infarction in 2 pa- 
tients, to a cerebrovascular accident in a third, and was 
sudden in the remaining 3 patients. Two of the 3 pa- 
tients classified as having worsening heart failure met 
the morbidity criteria by requiring therapy with intra- 
venous inotropic agents. The third patient was hospital- 
ized when he was unable to exercise on the bicycle er- 
gometer because of profound fatigue and shortness of 
breath. He began therapy with open-label OPC-8212, 
was treated with intravenous diuretics, and received a 


OPC-8212 IN CONGESTIVE HEART FAILURE 1205 


— = E ——— eee ee = 
Pee a ee LoS ame S aT Ta ade ad l ae tae tie ee ` x - è ; 3 
+ s 


cardiac transplantation during the same hospitalization. taking OPC-8212), and remained unchanged in the re- 
One patient was lost to follow-up in the placebo group. maining patients. The dosage of an angiotensin-con- 

Concomitant medication and adverse effects: Diu- _ verting enzyme inhibitor was decreased in 4 patients (1 
retic therapy during the 12-week study period was de- taking placebo, 3 taking OPC-8212), whereas therapy 
creased in 6 patients (4 taking placebo, 2 taking OPC- was increased in 3 patients taking placebo and in 4 tak- 
8212), increased in 10 patients (4 taking placebo, 6 ing OPC-8212. Antiarrhythmic therapy, during the 


—=e=== Placebo (n=38) 
OPC-8212 (n=38) 


Wilcoxon p=0.007 


Weeks on drug 


37 





FIGURE 1. Percentage of patients free of mortality or a morbid event in the OPC-8212 (opc) and placebo (pic) group during 
treatment period. The statistical difference between the curves was analyzed with the Peto-Prentice Wilcoxon test. 


[_] Placebo 
GES opc-s212 
p<0.002 


Percent change from haseline 


p<0.012 


Weeks on drug 





FIGURE 2. Assessment of quality of life using the Sickness Impact Profile Questionnaire during treatment with OPC-8212 or 
placebo. Values are presented as box plots where the interbox line represents the median. Upper edge of the box, seventy-fifth 
percentile; lower edge, twenty-fifth percentile. The p values are based on analysis at each study interval (4, 8 or 12 weeks) and 
on an aggregate analysis over 12 weeks. 
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Ventricular premature 
contractions/hour 
Median 
25th percentile ; 2.6 
259.2 151.5 


75th percentile 
Analysis (p = 74) 
No. of pts. improved 
No. of pts. worse 

% improved 

% worse 

Net % improved 
Analysis (p <0.01) 
Sample size 
Imputed values 


OPC = OPC-8212; PLC = placebo. 


study period was begun in | patient receiving placebo 
and | receiving OPC-8212, whereas the dosage of ami- 
odarone was reduced in | patient receiving placebo. A 
single patient in the OPC-8212 treatment group had 
the amiodarone dosage increased during the study peri- 
od. No other cardiovascular medications were changed 
in the study population. In addition, no patients were 
withdrawn because of either subjective or objective ad- 
verse effects during the 12-week study. 

The study drug was temporarily withdrawn in 7 pa- 
tients because of a 50% decrease in granulocyte count. 
However, in all cases, repeated assessment demon- 
strated resolution of the abnormality. The longest peri- 
od during which the drug was stopped in any patient 
was 6 days. Decreases of <50% from the benchmark 
values occurred both in patients receiving OPC-8212 (5 
patients) and those receiving placebo (2 patients). Two 
patients initially treated with placebo developed agran- 
ulocytosis after completion of this study when crossed 
over to active drug. The granulocyte count normalized 
in both patients over 8 to 10 days with discontinuation 
of OPC-8212. 

Quality of life: Figure 2 shows the distribution of the 
percent changes from baseline in the Sickness Impact 
Profile scores in the placebo and OPC-8212 groups. As 
illustrated, the median scores decreased from baseline 
in both the OPC-8212- and placebo-treated patients, 
a change consistent with improving symptomatology. 
However, the decrease from baseline was significantly 
(p < 0.01) greater in the OPC-8212-treated patients 
than in the placebo group. 

Ventricular premature contractions: The 24-hour 
ambulatory electrocardiographic readings were ana- 
lyzed using the criteria defined by Morganroth et al” 
in which the presence of a change in ventricular prema- 
ture complexes was predicated on the amount of ectopy 
seen on baseline examination. Table III presents the 





absolute numbers of premature complexes per hour in 
the study population. There was no demonstrable dif- 
ference between the median values for baseline ventric- 
ular premature contractions in the 2 groups at any 
study point. However, Table III also presents the net 
percent improvement in ventricular premature con- 
tractions per hour in each group based on the repeated 
24-hour electrocardiographic recordings performed at 
weeks 4, 8 and 12. Net percent improvement for a fol- 
low-up examination was defined as the percentage of 
patients classified as improved minus the percentage of 
patients classified as worse by the Morganroth criteria. 
Compared with placebo-treated patients, a significantly 
higher proportion of patients taking OPC-8212 had an 
improvement (decrease) in the rate of ventricular pre- 
mature complexes. | 

Exercise tolerance: The functional capacity of pa- 
tients treated with OPC-8212 or placebo was assessed 
by a symptom-limited exercise test. Both peak oxygen 
uptake and total exercise time were not significantly 
greater in the OPC-8212-treated group when absolute 
values were analyzed (Table IV). However, exercise 
tolerance was greater in the OPC-8212-treated group 
when data were analyzed as the percent change from 
baseline for each patient. The differences between the 2 
study groups were principally manifest in the upper or 
lower halfs of distribution as reflected by the twenty- 
fifth and seventy-fifth percentiles, rather than in the 
middle of the distribution (or median values). With this 
analysis, exercise performance at baseline was main- 
tained in the OPC-8212-treated patients, while it de- 
clined in the placebo-treated group. 


DISCUSSION 

The decision to combine the analysis of major car- 
diovascular morbidity and all-cause mortality in this 
study was made prospectively and for 2 reasons. First, 
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TABLE IV Exercise Tolerance 
Week 0 


OPC PLC 


Peak oxygen take (ml/kg/min) 


both of these entities reflect the overall course of the 
disease, although the responsible mechanisms may be 
different. Secand, we expected that the number of pa- 
tients enrolled in this trial would not be adequate to 
analyze the deta separately for morbidity and mortali- 
ty. Independert evaluation demonstrated a high degree 
of concordanes between these 2 study end points be- 
cause there was a 6:1 ratio for deaths and a 3:1 ratio 
for worsening heart failure in the placebo and OPC- 
8212 groups. ~herefore, this combination of end points 
may provide a useful statistical technique when applied 
prospectively in early phase III or late phase II clinical 
trials. 

Our decis.en to stratify patients based on digoxin 
therapy was predicated on biochemical data, suggesting 
that the inotrcpic effects of OPC-8212 were mediated 
by alterations in ion channel activity. Both digoxin?5 
and OPC-82) 28 increase intracellular sodium, which is 
then exchanged for calcium by the sodium /calcium ex- 
changer. The ~esulting net increase in intracellular cal- 
cium is likely -esponsible for the enhanced contractility 
that is seen eyperimentally with these agents. Because 
the inotropic e fect of OPC-8212 and digoxin at least in 
part may shesxe a common pathway, we hypothesized 
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Median 12.5 14.3 12.9 13.0 13.4 12.2 12.8 13.1 
25th percertile 11.3 11.7 10.8 10.0 11.0 7.7 10.8 7.4 
75th percertile 16.3 15.5 17.6 16.0 18.0 15.5 18.6 16.2 
Analysis (¢ = 0.09) p=0.14 p = 0.035 p = 0.20 


% Change from Baseline 
Median % ange —0.9 -3.8 0.2 —2.3 —1.4 —4.7 
25th percertile -5.9 -17.7 =7.7 -28.0 —15:2 —38.1 
75th percertile 9.2 5.5 11.7 6.4 14.8 9.9 
Analysis of % change p <0.01 p <0.017 p <0.08 
(p <0.C)) 
Sample si= 38 37 34 36 36 35 33 35 
Imputed values O 0 0 2 l 7 1 7 
Total exercise -ime (minutes) 

Median 11.1 11.3 11.6 10.5 11.4 10.5 11.2 11.1 
25th percertile 9.8 8.3 8.5 7.9 9.3 3.9 9.3 2.5 
75th percertile 12.1 13.2 baa 12.8 13.1 12.7 13.2 12.4 
Analysis (F <0.20) p= 0.35 p=0.19 p=0.13 


% Change from Baseline 
Median % =nange 1.7 —0.7 0.7 —3.4 4.6 —2,9 
25th percentile —4.1 -17.7 —4.1 -36.8 —6.0 —58.3 
75th percentile 10.4 8.2 11.6 4.6 14.2 6.9 
Analysis of% change p <0.050 p <0.038 p <0.02 
(p <0.C74) 

Sample siz= 38 36 36 37 38 36 36 35 
Imputed vēlies 0 0 O 2 1 7 Į 7 


OPC = OPC-8212 PLC = placebo. 
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that their concomitant use may not be totally additive. 
However, as the decrease in sample size with subgroup 
analysis limits our ability to ascertain a genuine treat- 
ment effect, and separate significance tests for different 
subgroups do not provide direct evidence of treatment 
differences, we cannot ascertain from present data 
whether the beneficial effects of OPC-8212 are in any 
way related to the use of digoxin. 

Quality of life, evaluated by the Sickness Impact 
Profile, was consistent with the morbidity /mortality 
data. This test has been found to be both reliable and 
internally consistent.'’ By measuring sickness-related 
dysfunction in 12 areas of activity, this questionnaire is 
particularly valuable for assessing the impact of illness 
on the chronically ill and for discerning the value of 
noncurative therapies. 

It is unclear whether our observed decrease in ven- 
tricular premature complexes is related to the improve- 
ment in morbidity /mortality in patients receiving OPC- 
8212 because the electrophysiologic mechanisms con- 
tributing to ventricular premature contractions may not 
be the same as those resulting in sudden death. In 
fact, episodes of ventricular tachycardia did not differ 
in the 2 groups (data not presented). There were fewer 
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premature ventricular contractions at baseline in the 
placebo-treated patients than in the OPC-8212-treated 
group; however, this difference did not reach statistical 
significance. Although we cannot exclude the possibility 
that this baseline difference biased the statistical results, 
it did not affect the most important finding: OPC-8212 
did not adversely affect ventricular arrhythmias. 

The clinical significance of the small changes in ex- 
ercise tolerance in the OPC-8212 patients is unclear. 
Although no differences were noted when assessing ab- 
solute levels, the wide variation in baseline values likely 
precluded seeing a statistical difference in these values. 
Exercise performance decreased in the placebo-treated 
group, whereas exercise tolerance in the OPC-8212 
group was unchanged. The pathophysiologic basis of 
this finding is unclear. It is evident that the statistical 
differences between groups for the 2 variables of peak 
oxygen uptake and exercise time when analyzed as per- 
cent change from baseline are due to the fact that val- 
ues were imputed for patients who could not exercise 
because they met study termination criteria. However, 
by definition, these patients had to have values lower 
than those observed among patients who could exercise 
and must therefore be included in the analysis.” 

The results of the present study are noteworthy be- 
cause they show no adverse effects, suggest a benefi- 
cial effect, and contrast markedly with that of previ- 
ous evaluations of orally administered inotropic agents. 
Earlier studies of inotropic drugs have failed to show 
sustained physiologic benefits,?”?8 and have been asso- 
ciated with a higher incidence of adverse events.??30 
Although the results of this study suggest a beneficial 
effect of OPC-8212 in patients with substantial cardiac 
dysfunction, firm conclusions are limited by the rela- 
tively small size of the study population. Further evalu- 
ation of this new inotropic agent in a larger population 
now appears warranted. 
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CONGENITAL HEART DISEASE 


Doppler Assessment of Pulmonary Artery Flow 
Patterns and Ventricular Function After the 
Fontan Operation 


Peter C. Frommelt, MD, A. Rebecca Snider, MD, Jon N. Meliones, MD, 
and Roger P. Vermilion, MD 


To assess the relation between ventricular sys- 
tolic and diastolic function and pulmonary artery 
(PA) flow patterns after the Fontan operation, 
15 postoperative patients were prospectively 
evaluated with echocardiography. Blood flow ve- 
locities in the PA were recorded with pulsed 
Doppler echocardiography. Ejection fraction was 
measured by 2-dimensional echocardiography 
using Simpson’s rule. Indexes of diastolic func- 
tion were measured from the systemic atrioven- 
tricular valve inflow Doppler and included peak E 
and A velocities, peak filling rate normalized for 
stroke volume, the fractions of filling in early and 
late diastole (E and A area fractions), and the 
E/A velocity and area ratios. Compared with 15 
age-matched control subjects, the 15 patients 
who had undergone the Fontan procedure had 
decreased peak E velocity (0.65 + 0.20 vs 0.87 
+ 0.10 m/s), decreased E/A velocity ratio (1.29 
+ 0.23 vs 1.98 + 0.46), decreased normalized 
peak filling rate (6.09 + 0.90 vs 6.81 + 0.83 
s~1), decreased E area fraction (0.63 + 0.09 vs 
0.72 + 0.07), increased A area fraction (0.37 + 
0.07 vs 0.24 + 0.06), and decreased E/A area 
ratio (1.77 + 0.45 vs 3.33 + 1.15) (p <0.05). 
These diastolic filling abnormalities are consis- 
tent with impaired ventricular relaxation and de- 
creased early diastolic transvalvular pressure 
gradient. PA Doppler recordings showed 2 dis- 
tinct patterns of flow. Pattern I, observed in 9 
patients, showed biphasic forward flow with 
peak velocities in mid to late systole and mid- 
diastole. Pattern Il, observed in the remaining 6 
patients, showed decreased systolic forward 
flow, a late systolic to early diastolic flow rever- 
sal, and delayed onset of diastolic forward flow. 
Compared with pattern I patients, pattern Il pa- 
tients had no significant differences in any of the 
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Doppler indexes of diastolic function; however, 
pattern Il patients had a significantly lower ejec- 
tion fraction (43 + 9 vs 57 + 5%). Thus, many 
patients undergoing the Fontan procedure have 
impaired ventricular relaxation, but, in the pres- 
ence of a normal ejection fraction, biphasic for- 
ward PA flow is maintained. With the develop- 
ment of decreased ejection fraction, atrial systol- 
ic filling pressures are likely increased, the 
ventricular suction effect is decreased, and PA 
flow is diminished or absent in systole and early 
diastole. 

(Am J Cardiol 1991;68:1211-1215) 


fter the Fontan operation, pulmonary artery 
A (PA) flow is maintained in the absence of right 

ventricular pump function. Several Doppler 
echocardiographic!~> and radionuclide angiographic® 
studies have documented the contribution of right atrial 
contraction to pulmonary flow after direct anastomosis 
of the right atrium to the PA. Recently, many total 
cavopulmonary connections have been constructed by 
placement of an intraatrial conduit that excludes the 
right atrium from the pulmonary circuit.’~? In these 
patients, postoperative invasive studies have document- 
ed adequate cardiac output and pulsatile PA flow. This 
suggests that changes in intrathoracic and left atrial 
pressure are important determinants of PA flow after 
the Fontan operation and that abnormalities in ventric- 
ular systolic and diastolic function can alter left atrial 
pressure and, thus, influence PA flow. This study as- 
sesses the relation between ventricular systolic and dia- 
stolic function and PA flow patterns after the Fontan 
operation using 2-dimensional and Doppler echocardi- 
ography. 


METHODS 

Patients: The study group included 15 patients who 
had undergone the Fontan operation and 15 age- 
matched normal children. The Fontan group consisted 
of 11 boys and 4 girls ranging in age from 2 to 14 years 
(mean 5.3), in weight from 10 to 69 kg (mean 22.9), 
and in body surface area from 0.47 to 1.8 m? (mean 
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0.83). The control group consisted of 10 boys and 5 
girls ranging in age from 4 to 15 years (mean 7.8), in 
weight from 12 to 64 kg (mean 28.4), and in body 
surface area from 0.57 to 1.8 m? (mean 0.99), 

The Fontan patients were examined 10 days to 8.5 
years after surgery (median 2 weeks). Their diagnoses 
included tricuspid atresia in 4 patients, an unbalanced 
atrioventricuEr septal defect with left ventricular hypo- 
plasia in 5 patients, double-inlet left ventricle in 2 pa- 
tients, d-transposition of the great arteries with right 
ventricular hypoplasia in 2 patients, hypoplastic left 
heart syndrome after Norwood I palliation in 1 patient, 
and pulmonary atresia with intact ventricular septum in 
| patient. 

Surgical procedure: Five patients, including all pa- 
tients with tricuspid atresia and the patient with pulmo- 
nary atresia/mtact ventricular septum, had direct anas- 
tomosis of the right atrial appendage to the main PA. 
The remaining 10 patients had a modified Fontan pro- 
cedure consisting of placement of an intraatrial conduit 
from the inferior vena cava to the PA and direct superi- 
or vena cava to PA anastomosis. Intraoperative pres- 
sure recordin2s showed no significant gradient across 
the Fontan connection at the completion of surgery in 
any patient. 

Echocardiegraphic examinations: All Fontan pa- 
tients underwent a complete 2-dimensional and Dopp- 
ler echocardiagraphic examination using a 128-element 
phased-array ultrasound system (Acuson, Mountain 
View, Califormia) and a variety of transducers appro- 
priate for patient size. In all the Fontan patients, Dopp- 
ler color flow mapping was used to assess the amount 
of aortic and atrioventricular valve insufficiency. Ven- 
tricular systolic function was assessed by measuring the 
ejection fraction from the apical 4-chamber view using 
a single plane Simpson’s rule algorithm. In addition, 
the patterns o7 PA blood flow velocities throughout the 
cardiac cycle were determined using pulsed Doppler 
echocardiograsthy. PA Doppler tracings were obtained 
from the supresternal, parasternal short-axis, or subcos- 
tal views, or a combination of these. 

Ventricular diastolic function was evaluated in the 
Fontan patien:s and the normal children using pulsed 
Doppler recordings of the systemic atrioventricular 
valve inflow. From the apical 4-chamber view, the sam- 
ple volume was positioned so as to record the maximal 
velocities through the valve. From the Doppler spectral 
recordings, the peak velocities during rapid ventricular 
filling (peak E) and during atrial contraction (peak A) 
were measurec and the ratio of peak E to A velocities 
was calculated To determine the pattern of ventricular 
filling, several areas under the Doppler spectral tracing 
were measurec using previously described methods: (1 ) 
the total area under the velocity envelope throughout 
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diastole, (2) the area under the Doppler curve for the 
first 33% of diastole (0.33 area), (3) the E area or the 
triangular area formed by extrapolating a straight line 
down from the peak E velocity to the baseline, and (4) 
the A area or the triangular area formed in a similar 
manner under the peak A velocity.!° To determine the 
percentage of the total velocity envelope occupied by 
the individual areas, the area or filling fractions were 
calculated as the individual areas divided by the total 
area under the Doppler tracing. Also, the ratio of E and 
A areas was calculated. The peak filling rate normal- 
ized for stroke volume was calculated as the peak E 
velocity divided by the total velocity time integral.!! 

All Doppler examinations were recorded at a paper 
speed of 100 mm/s. The Doppler areas were traced 
from the paper recording using a digitizing tablet with 
a crosswire cursor, a personal computer, and commer- 
cially available computer software (Freeland Medical 
Systems, Boulder, Colorado). The Doppler velocities 
and areas were measured by tracing the outermost bor- 
der of the spectral recordings. 

Statistical analysis: Three cardiac cycles were mea- 
sured and averaged to obtain each atrioventricular 
valve Doppler index and to calculate the ejection frac- 
tion. Statistical comparisons of the systemic atrioven- 
tricular valve inflow Doppler measurements between 
the Fontan patients and the normal children were made 
using paired ¢ tests and Bonferroni’s correction for mul- 
tiple comparisons. The Fontan patients were divided 
into 2 subgroups based on the pattern of PA blood 
flow, and comparisons of ejection fraction and systemic 
atrioventricular valve Doppler indexes were obtained 
between the 2 subgroups using unpaired ż tests. A 2- 
tailed p value <0.05 was used to indicate a significant 
intergroup difference. All values are mean + standard 
deviation. 


RESULTS 

Patients: The Fontan patients did not differ from 
the normal children in age, weight, or body surface 
area; however, their heart rates were significantly high- 
er (97 + 19 vs 81 + 13 beats/min, p = 0.01). Of the 
15 Fontan patients, 12 had no aortic insufficiency, 1 
had trivial to mild aortic insufficiency, and 2 had mod- 
erate to severe aortic insufficiency. One of these latter 2 
patients also had moderate to severe atrioventricular 
valve insufficiency. The remaining 14 patients had triv- 
ial to mild (n = 11) or no (n = 3) atrioventricular valve 
insufficiency. Ventricular systolic function was mildly 
depressed with an ejection fraction of 51 + 6.9% 
(range 37 to 64%) in the Fontan group. 

Diastolic function in the Fontan patients: Compared 
with normal children, the Fontan patients had abnor- 
mal atrioventricular valve Doppler recordings (Table 1). 
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In the Fontan patients, the peak 3 velocity and E area TABLE I Atrioventricular Valve Doppler Measurements in 

fraction were significantly decreased, and the A ave Normal Subjects and Patients After Fontan Operation 

fraction was significantly increased. This resulted in a 
y decrease in the E/A velocity and area ratios. In addi- 


Normal Subjects Fontan Patients p Value 


. With o i i ae Peak E (m/s) 0.87 + 0.10 0.65 +0.20 0.0006* 
tion, the Fontan patients had a decreased normalized nakk imi 0.46 + 6.09 051+612 0.25 
peak filling rate. PeakE/peakA 1.98 + 0.46 1.29 +0.23 0.0001* 

Pulmonary artery flow patterns in the Fontan pa- 0.33area(m) 0.072 +0.015 0.049+0.02 0.001* 

é ee E area (m) 0.091 +0.02 0.067 +0.02 0.002* 
tients: PA Doppler recordings revealed 2 distinct pat- erana 0031+001 0.039+0.01 0.095 
terns of flow in the Fontan patients. Pattern I, observed E area fx 0.72 + 0.07 0.63 + 0.09 0.01* 

. X : iy, . ge oS A area fx 0.24 + 0.06 0.37 +0.07 0.0001* 
in 9 patients, was characterized by biphasic forward nad dass ei 597 a6 4s 0O00 
PA flow with peak velocities in mid to late systole and PFR/SV(SV/s) 6.81 + 0.83 6.09 +0.90  0.03* 
mid-diastole (F igure 1). Nadirs in pulmonary flow oc- *Statistically different between groups at the 3% level. 

‘ à Values are mean + standard deviation. 
curred 50 to 100 ms after mitral valve opening and 50 A = velocity at atrial contraction; E = velocity during rapid ventricular filling; fx = 


fraction; PFR/SV = peak filling rate normalized for stroke volume. 





to 100 ms after atrial contraction. Pattern II, observed 
in the remaining 6 patients, was characterized by di- 
minished forward systolic pulmonary flow, reversed late 
ca. eee’ -systolic to early diastolic flow, and delayed onset of for- 
ect , 4 ward diastolic flow (Figure 2). Forward PA flow was 
augmented during inspiration in all Fontan patients, 
but the pattern of flow was not influenced by respira- 
$ - tion. The 5 patients with direct right atrial to PA con- 
Pa nections had pattern I PA flow. Four of the 10 patients 
l A | with an intraatrial cavopulmonary connection also had 
i pattern I PA flow; the other 6 patients had pattern I] 

d PA flow. 
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FIGURE 1. Atrioventricular valve Doppler recording (top) and 
pulmonary artery (PA) Doppler recording (bottom) from a pa- 
tient with pattern I PA flow after a modified Fontan procedure 
(intraatrial conduit). The atrioventricular valve Doppler record- 
ing was obtained nearly simultaneously with the PA Doppler 
recording for purposes of timing of flow patterns. On the PA 
Doppler tracing, systolic flow is initiated with left atrial relaxa- 
tion and is accentuated during midsystole by a ventricular suc- 
tion effect as the atrioventricular valve is pulled downward 
toward the ventricular apex. As the left atrial pressure in- 
creases in late systole, the transpulmonary gradient de- 
creases, leading to a decrease in forward pulmonary blood 
flow. Forward flow again increases in mid-diastole as left atri- 
al pressure decreases with atrioventricular valve opening. 
With atrial contraction in late diastole, left atrial pressure in- 
creases rapidly, resulting in decreases in transpulmonary gra- FIGURE 2. Atrioventricular valve Doppler recording (top) and 
dient and forward pulmonary flow. Nadirs in pulmonary flow pulmonary artery (PA) Doppler recording (bottom) from a pa- 
(arrows) occur at 50 to 100 ms after atrioventricular valve tient with pattern Il PA flow after Fontan operation. The in- 
opening and 50 to 100 ms after atrial contraction. These min- flow Doppler recording was obtained 

imal flow velocities in the PA occur at times when left atrial with the PA Doppler recording in order to determine timing of 
pressure is highest, at the end of systole before atrioventricu- flow in the PA. Pattern Il flow is characterized by diminished 
lar valve opening and with left atrial contraction. A = peak ve- forward systolic pulmonary flow, reversed late systolic to ear- 
locity during atrial contraction; E = peak velocity during rapid ly diastolic (Dias.) flow, and delayed onset of forward diastolic 
ventricular filling. flow. Abbreviations as in Figure 1. 
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Subtle variations in the 2 PA flow patterns were 
identified. Among the patients with pattern I PA flow, 
patients with a direct right atrial to PA connection had 
accentuated Bte diastolic forward flow secondary to 
right atrial contraction and a short interval of reversed 
flow in early systole secondary to right atrial relaxation 
(Figure 3). Taese subtle deflections were not observed 
in pattern I patients with an intraatrial cavopulmonary 
connection. Tae | patient with severe aortic and atrio- 
ventricular valve insufficiency had pattern II PA flow 
with diminished systolic forward flow and reversed late 
systolic to ea*y diastolic flow; however, this patient also 
had reversed ‘low in late diastole to early systole (Fig- 
ure 4). 

Compared with pattern I patients, pattern II pa- 
tients had no significant differences in any of the Dopp- 
ler indexes of diastolic function; however, pattern II pa- 
tients had a sgnificantly lower ejection fraction (43 + 
9 vs 57 + 5% in the pattern I group, p <0.003). Three 
of the 6 patients with pattern II PA flow have had a 
poor outcome after the Fontan operation. The patient 
with severe aortic and atrioventricular valve insufficien- 
cy required atrioventricular valvuloplasty and aortic 
valve replacement. Two patients had chronic low cardi- 
ac output postoperatively—1 subsequently underwent 








FIGURE 3. Mitral valve Doppler recording (top) and pulmo- 
nary artery (PA Doppler recording (bottom) from a patient 
with pattern I PA flow after Fontan operation with direct right 


atrial (RA) to PA connection. In this , forward 
flow in the PA = shown below the baseline and reverse flow 
in the PA is shewn above the baseline. As in Figure 1, there 
is biphasic forward flow with peak velocities in mid-to-late 
systole and mic-iiastole. Pattern | patients with RA to PA 
connection differed slightly from pattern | patients with an in- 
traatrial conduit. These patients had accentuated late diastolic 
forward flow secondary to RA contraction and a short interval 
of reverse flow ï early systole secondary to RA relaxation. 
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cardiac transplantation and the other continues to have 
diminished exercise tolerance and clinical evidence of 
systemic venous hypertension. All patients with pattern 
I PA flow are asymptomatic and have required no re- 
operations. 


DISCUSSION 

In this study, we examined the relation between 
ventricular systolic and diastolic function and PA blood 
flow velocities after the Fontan operation. Compared 
with normal children, Fontan patients have decreased 
early diastolic ventricular filling with a compensatory 
increase in filling at atrial contraction consistent with 
impaired ventricular relaxation and a decreased early 








FIGURE 4. Inflow Doppler recording (top) and pulmonary ar- 
tery (PA) Doppler recording (bottom) from a patient with se- 
vere aortic and atrioventricular valve insufficiency after Fon- 
tan operation. The inflow Doppler recording was obtained 
nearly simultaneously with the PA Doppler recording for pur- 
poses of timing of flow. In this example, forward flow in the 
PA is shown below the baseline. This patient demonstrated 
pattern Il PA flow with diminished systolic forward flow and 
reversed late systolic to early diastolic flow. However, this pa- 
tient also had reverse flow in late diastole to early systole. 
These 2 flow reversals are probably related to severe aortic 
and atrioventricular valve insufficiency with resultant alter- 
ations in left ventricular diastolic and left atrial systolic pres- 
sures. 
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diastolic transvalvular pressure gradient. Diastolic fill- 
ing abnormalities were found in all Fontan patients; 
however, diastolic filling indexes did not distinguish the 
2 different patterns of PA blood flow velocities found 
in the Fontan patients. These patterns appear to be 
strongly influenced by ventricular systolic function, 
with diminished forward systolic pulmonary flow and 
delayed onset of forward diastolic flow in patients with 
a decreased ejection fraction (pattern II). With well- 
preserved systolic function, biphasic forward pulmonary 
flow is maintained (pattern I). 

Possible mechanisms of diastolic filling abnormali- 
ties: Several studies have described increased ventricu- 
lar dimensions and diminished contractility before and 
after the Fontan operation in patients with a functional 
single ventricle.'2-'4 With dilatation and decreased con- 
tractility of the ventricle, systolic filling of the atrium is 
decreased secondary to diminished downward displace- 
ment of the atrioventricular valve during ventricular 
contraction. This results in reduced early diastolic atrial 
preload, a decreased early diastolic transvalvular pres- 
sure gradient and decreased early ventricular filling. In- 
creased end-systolic ventricular volume also results in 
decreased early diastolic flow and a shift in filling to 
late diastole caused by diminished ventricular relaxa- 
tion and elevated early diastolic ventricular filling pres- 
sures. 

Factors influencing pulmonary artery flow patterns: 
The biphasic forward flow found in pattern I patients 
correlated well with the biphasic changes in left atrial 
pressure that occur during the cardiac cycle (Figure 1). 
Systolic PA flow is initiated in early systole at the time 
of left atrial relaxation and is accentuated during mid- 
systole, presumably by the ventricular suction effect as 
the atrioventricular valve is pulled downward toward 
the ventricular apex. As left atrial pressure increases in 
late systole, the transpulmonary gradient decreases with 
a resultant decrease in forward PA flow. PA flow again 
increases in mid-diastole as left atrial pressure decreases 
with atrioventricular valve opening. At atrial con- 
traction in late diastole, left atrial pressure increases 
abruptly, resulting in a decrease in the transpulmonary 
gradient and forward PA flow. Nadirs in PA flow oc- 
curred 50 to 100 ms after atrioventricular valve opening 
and 50 to 100 ms after atrial contraction. These mini- 
mal flow velocities in the PA occur at times of highest 
left atrial pressure (at the end of systole before atrio- 
ventricular valve opening and with atrial contraction). 
The timing of these events lend support to the hypothe- 
sis that variations in PA flow are related to changes in 
left atrial pressure with a short delay as these pressure 
changes are transmitted across the pulmonary bed. 

Pattern II patients had diminished systolic PA flow 
and delayed onset of forward diastolic flow in associa- 
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tion with decreased systolic ventricular function. These 
findings suggest that with diminished ventricular systol- 
ic function, left atrial pressure was increased and the 
transpulmonary gradient was decreased secondary to 
poor ventricular emptying and diminished atrioventric- 
ular valve excursion during systole. As a result, forward 
PA flow was decreased during systole and early dias- 
tole. 

Clinical implications of pulmonary artery Doppler 
patterns: Identification of PA flow patterns after the 
Fontan operation in conjunction with an assessment of 
ventricular function can be a useful predictor of clinical 
outcome.' Three of the 6 patients with pattern II PA 
flow had a poor outcome after Fontan. All the patients 
with pattern I flow are doing well clinically. 
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MISCELLANEOUS 


Late Potentials and Their Relation to Ventricular 
Function in Human Immunodeficiency 
Virus Infection 


Judith Hsia, MD, Steven D. Colan, MD, Sara Adams, BS, and Allan M. Ross, MD 


Signal-averaged electrocardiograms were per- 


formed in 225 patients with serologic evidence 
of human immunodeficiency virus infection as 
part of a prespective longitudinal study of pa- 
tients with HIV-associated heart disease and 12 
seronegative control subjects. The duration of 
signal-averaged QRS vector, root-mean-square 
voltage of the terminal 40 ms of the vector mag- 
nitude and the duration of the low-amplitude 
(<40 4V) sienal were determined during serial 
visits at 4-menth intervals. One or more of these 
variables was abnormal on initial visit in 59 of 
patients (26%); QRS duration was >114 ms in 
9 patients (4%), root-mean-square voltage <20 
uV in 55 patients (24%) and low-amplitude sig- 
nal duration >39 ms in 43 (19%). In contrast, 
none of the seronegative control subjects had 
any abnormal variables (p <0.03). During follow- 
up (mean 10 + 8 months), 26 patients with ini- 
tially normel studies developed abnormal vari- 
ables and 24 with abnormal signal-averaged 
electrocardiograms reverted to normal. Left ven- 
tricular contractility was assessed by echocardi- 
ography usimg the rate-corrected velocity of fiber 
shortening-2nd-diastolic wall stress relation. 
Late potent als were not related to contractile 
abnormalities. Clinical arrhythmias were rare 
and did not appear more frequent among pa- 
tients with iate potentials. Thus, late potentials 
were both common and evanescent in patients 
infected with human immunodeficiency virus. 
(Am J Cardiol 1991;68:1216-—1220) 
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dionuclide ventriculographic abnormalities have 

been described in patients with human immu- 
nodeficiency virus (HIV) infection either with or with- 
out clinical cardiomyopathy.!-? Abnormal low-ampli- 
tude signals occurring late in the QRS complex and ST 
segment, so-called late potentials, have been detected in 
patients with ischemic and nonischemic cardiomyopa- 
thies*+> and are thought to reflect the presence of areas + 
of abnormal myocardium through which conduction is 
delayed and fragmented.® Late potentials might be ex- 
pected in patients with HIV-associated heart disease 
since cardiac inflammatory infiltrates have been detect- 
ed both at autopsy and on endomyocardial biopsy.’~? 
The prevalence and persistence of late potentials and 
their relation to left ventricular function were deter- 
mined in patients infected with HIV in this prospective, 
longitudinal study. 


F chocardiographic, electrocardiographic and ra- 


METHODS 

Study patients: The study population included 225 
patients enrolled in a longitudinal natural history study 
of heart disease associated with HIV infection. In- 
formed consent was provided in a form approved by 
The George Washington University Human Research 
Committee. During serial visits at 4-month inter- 
vals, clinical data (including a list of current and past 
medications and history of chest discomfort, dyspnea, 
orthopnea, edema or paroxysmal nocturnal dyspnea) 
were collected and echocardiograms, 12-lead electro- 
cardiograms (ECGs) and signal-averaged ECGs per- 
formed (on patients with QRS duration <110 ms on 
surface ECG). From July 1988 to July 1990, 634 sig- 
nal-averaged ECGs were performed in 225 patients. 
Single studies were performed in a control group of 12 
age-matched men without heart disease or serologic ev- 
idence of HIV infection. 

Signal-averaging technique: Signal averaging of the 
surface QRS was recorded and analyzed with Predictor 
software (Corazonix) as described by Steinberg and 
Bigger!” to a noise level of 0.4 uV. After amplification, 
signals were filtered through a bidirectional high-pass 
filter with 40 Hz corner frequency and the QRS com- 
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plexes of the X, Y and Z bipolar leads analyzed as a 
vector magnitude.'' The QRS onset and offset were 
defined as the point at which the voltage exceeded the 
mean of the baseline plus 3 times the standard devi- 
ation, and was calculated by computer algorithm. 

Variables considered abnormal were (1) QRS vec- 
tor duration >114 ms, (2) root-mean-square voltage 
during the terminal 40 ms of the QRS vector complex 
<20 uV, and (3) low-amplitude signal duration from 
the end of the QRS vector complex to the point at 
which signals measured 40 uV >39 ms.4 Late poten- 
tials were considered present if either of the latter 2 
variables were abnormal. 

Echocardiography: Two-dimensional echocardiog- 
raphy including multiplane imaging and Doppler was 
performed and studies analyzed for left ventricular wall 
motion, chamber size, valve dysfunction and pericardial 
effusion. A phonocardiogram showing the aortic com- 
ponent of S) with simultaneous indirect carotid pulse 
tracing, electrocardiogram and M-mode echocardio- 
gram were obtained simultaneously for assessment of 
left ventricular performance, loading conditions and 
contractility. Blood pressure was measured using a 
Dynamap automated monitor. The combined M-mode 
echocardiogram, phonocardiogram and pulse tracing 
were analyzed by computer as previously described. !%!3 
End-diastole was defined as the time of the largest left 
ventricular dimension and end-systole as the onset of 
the aortic component of S2. Left ventricular shortening 
fraction was calculated as the difference between left 
ventricular dimension at end-diastole and end-systole 
divided by end-diastolic dimension. Systolic ejection 
time was measured from the carotid pulse tracing and 
adjusted for heart rate by dividing by the square root of 
the RR interval. The rate-adjusted velocity of fiber 
shortening was obtained by dividing the shortening 
fraction by the rate-adjusted ejection time. Left ventric- 
ular meridional end-systolic wall stress, a measure of 
ventricular afterload, was calculated according to the 
formula of Grossman et al.'* Left ventricular contrac- 
tility was determined as (1) the relation between short- 
ening fraction and left ventricular end-systolic wall 
stress, or (2) the relation between left ventricular end- 
systolic wall stress and rate-adjusted velocity of fiber 
shortening, a previously validated index of contractility 
that is independent of preload and incorporates after- 
load.'?:!3 Diminished contractility was defined as a 
shortening fraction or rate-corrected velocity of fiber 
shortening >2 standard deviations below the mean ve- 
locity appropriate for a given level of end-systolic wall 
stress.'* Acquisition of studies adequate for analysis 
was limited by low parasternal imaging windows or 
poor image quality in obese patients, those with prior 


TABLE I Study Population 


Late Potentials No Late Potentials 
(n = 59) (n = 166) 


38 +8 











Age (yr) 39 +8 






Men (%) 58 (98) 161 (97) 
Caucasian (%)/black (%) 54 (92)/4 (7) 123 (74)/36 (22) 
Homosexual (%)/IVDU (%) 55 (93)/0 (0) 150 (90)/3 (100) 
CD4* cells/mm? 351 + 238 335 + 252 







Interval since seroconversion (yr) 3 + 2 2 £2 
Taking azidovudine (%) 29 (49) 70 (42) 
Asymptomatic (%)/AIDS (%) 21 (36)/11 (19) 51 (31)/45 (27) 












Data are from patients’ initial visits. 
AIDS = acquired immunodeficiency syndrome; |VDU = intravenous drug users. 





thoracic surgery or recurrent pulmonary infections; 
phonocardiograms were unobtainable on some patients 
who were unwilling to have chest hair shaved. Techni- 
cally adequate studies for analysis were obtained for 
only 133 of 225 patients (59%), a limitation of this 
report. 

Statistical analysis: Data are reported as mean + 
standard deviation and analyzed by linear regression, 
McNemar’s chi-square method or Fisher’s exact test. 


RESULTS 

Study population: The study population included 
219 men and 6 women; of these, 177 were Caucasian, 
40 black, 5 Hispanic and 3 Asian. Mean age of the 
participants was 38 + 8 years. HIV infection was ac- 
quired by sexual transmission in 205 (91%), by intrave- 
nous drug use in 3 and by transfusion in 3. Six patients 
were homosexual, intravenous drug users; 8 had no ap- 
parent risk factors. The interval since seroconversion 
was 3 + 2 years. Overall, 72 (32%) were asymptomatic 
at the time of enrollment, 97 (43%) had lymphadenop- 
athy or 2 of the following symptoms: fever, weight loss, 
cutaneous Herpes zoster, oral thrush or persistent diar- 
rhea. Opportunistic infection, lymphoma, Kaposi's sar- 
coma or idiopathic thrombocytopenic purpura had been 
diagnosed in 56 (25%). Mean CD4 lymphocyte count 
was 336 + 246/mm?; 45% were taking azidovudine at 
study entry. These parameters were similar in patients 
with and without late potentials (Table 1). 

Signal averaged electrocardiogram on presenta- 
tion: At the time of enrollment 9 of 225 (4%) had QRS 
duration >114 ms, 55 of 225 (24%) had low root- 
mean-square voltage (<20 uV) and 43 of 225 (19%) 
had prolonged low-amplitude signal duration (>39 
ms). No abnormal variables were observed among the 
12 seronegative control subjects (p = 0.62 for QRS du- 
ration, 0.039 for root-mean-square voltage, 0.085 for 
low-amplitude signal duration; patients with HIV* ver- 
sus seronegative control subjects). Among HIV-infect- 
ed patients, 22 had a single abnormal variable, 29 had 
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Patients Losing Late Potentials During Follow-Up (n = 24) 


105+ 1 
94 + 2* 


First study 
Follow-up stucy 


42+1 
30+ 1* 


Patients Geveloping Late Potentials During Follow-Up (n = 


96+1 
1605:% 2° 


First study 

Follow-up stucy 
*p < 0.01. 
Values are fromaconsecutive studies 4 months apart, expressed as mean + standard 


error. Differences setween serial studies were assessed by paired t test (2-tailed). 
LAS = low-ame iude signal. 


2 abnormal variables, and in 9 patients all 3 parameters 
were abnormal. Overall, 60 (27%) had at least 1 abnor- 
mal variable (p = 0.027 versus seronegative control 
subjects). 

Changes in signal-averaged electrocardiogram dur- 
ing follow-up: Serial signal-averaged ECGs were avail- 
able in 167 of the 225 patients. During follow-up 
(mean 10 + $ months), 26 patients with normal signal 
averaging developed late potentials and 24 with abnor- 
mal variables reverted to normal (Table II). Overall 8 
of 49 (16%) patients with 2 studies, 9 of 38 (24%) with 
3 studies, 11 @f 28 (39%) with 4 studies, 9 of 20 (45%) 
with 5 studies and 13 of 32 (41%) with =6 studies had 
evanescent lete potentials. 

Signal averaging and echocardiography: The re- 
lation between late potentials and echocardiographic 
findings was assessed in the 133 patients for whom 
technically acequate echocardiograms were available. 
Pericardial effusions were present on the initial echo- 


VCFe (circ/sec) 
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cardiograms of 12 patients, none of whom had late po- 
tentials. 

Ventricular function was assessed either as the 
shortening fraction-end-systolic wall stress relation 
(Figure 1) or as the rate-corrected velocity of circum- 
ferential fiber shortening-end-systolic wall stress rela- 
tion (Figure 2). The latter was reduced in 13 patients 
with normal signal-averaged ECGs and in 6 patients 
with late potentials (13 vs 18%; p = not significant). 
Shortening fraction was reduced in 39 of 133 patients 
(29%), but impaired contractility was not more fre- 
quent in those with abnormal signal-averaged ECGs 
(11 of 33 with abnormal signal-averaged ECGs versus 
28 of 100 with normal studies). 

Clinical correlates: Symptomatic ventricular tachy- 
cardia developed in 2 patients: a woman with recurrent 
episodes of aborted sudden death, normal echocardio- 
gram and signal-averaged ECG, and a man with late 
potentials predating the development of nonsustained 
ventricular tachycardia. His arrhythmia increased after 
an anterior wall myocardial infarction that was attrib- 
uted to coronary artery spasm after angiography re- 
vealed normal coronary arteries. During electrophysio- 
logic testing ventricular tachycardia was not induced. A 
third patient who presented with a cardiomyopathy and 
asymptomatic nonsustained ventricular tachycardia did 
have late potentials. 

Symptomatic congestive heart failure requiring 
treatment with diuretics or afterload reduction, or both, 
developed in 11 patients. Late potentials were no more 
frequent in this group, 3 of 11 (27%), than in the study 
population as a whole. 


FIGURE 1. Velocity of fiber shortening 
and end-systolic (ESS) wall stress relation 
in patients with and without late poten- 
tials. The rate-corrected velocity of fiber 
shortening (VCFc)—end-systolic wall stress 
relation was determined as described in 
Methods. Open circles, patients with nor- 
mal signal-averaged electrocardiograms; 
closed circles, patients with abnormal sig- 
nal-averaged electrocardiograms; dotted 
lines, 95% confidence limits for normal 
left ventricular contractility; symbols 
above the upper dotted line, patients with 
enhanced contractility and normal or low 
end-systolic wall stress; symbols below 
the lower dotted line, patients with de- 
pressed contractility and normal to elevat- 
ed end-systolic wall stress. 
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DISCUSSION 

This report describes the prevalence and evanes- 
cence of late potentials in HIV-infected persons. Late 
potentials, while common in this population, were not 
associated with clinical arrhythmias, ventricular dys- 
function or the stage of HIV infection. 

Late potentials have been proposed to represent ab- 
normal areas of myocardium through which conduction 
is delayed and fragmented. In a previous report of 
young persons (mean age + standard deviation 31 + 9 
years) without evidence of heart disease whose signal- 
averaged ECGs were analyzed using the same band- 
pass filter (40 Hz), 3% had QRS prolongation, 4% had 
low root-mean-square voltage, and 3% had prolonged 
low-amplitude (<40 uV) signal duration.!°> Thus, root- 
mean-square voltage and low-amplitude signal dura- 
tion were abnormal more frequently in HIV-infected 
patients than among our seronegative control subjects 
or the normal population reported by Caref et al!> 
(p = 0.16, 0.00003, 0.000002 by chi-square for QRS 
duration, root-mean-square voltage and low-amplitude 
signal duration, respectively). 

Transient late potentials are generally uncommon 
and appear more frequently among HIV-infected pa- 
tients than among normal subjects or patients with cor- 
onary artery disease.*-'> One possible explanation for 
the observed evanescence of abnormal signal-averaging 
parameters is suboptimal intervisit reproducibility. Re- 
producibility of signal-averaged ECGs during long- 
term follow up such as the current study has not been 
reported. However, the correlation coefficient exceeded 
0.97 for each of the 3 parameters used in this study 


FIGURE 2. Shortening fraction and end- 


shortening 

mal mabe 31 + 3%) and end-systolic wall 

stress (normal range 40 to 60 g/cm?) rela- 
tion was determined as described in Meth- 
ods. Dotted lines, 95% confidence limits 
for preload-dependent left ventricular con- 
tractility; closed circles, patients with nor- 
mal signal-averaged electrocardiograms; 
open circles, those with abnormal signal- 
averaged electrocardiograms. 
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when serial studies using a 40 Hz bandpass filter and 
averaging to a background of 0.8 uV were obtained 8 
days apart in patients with angiographically document- 
ed coronary artery disease.'!© The intervisit reproduc- 
ibility of the current study should be even better, given 
that signals were averaged to a background noise of 
0.4 uV. 

In general, late potentials are ineradicable in pa- 
tients with ventricular scarring; pharmacologic agents, 
while controlling clinical arrhythmias, do not affect the 
underlying arrhythmogenic substrate. Only mechanical 
removal of the affected area abolished the late poten- 
tials in patients with ischemic cardiomyopathy.!’ It has 
been suggested that the presence of late potentials 
serves as a marker for myocardial fibrosis!*; however, 
the presence of transient abnormalities on signal-aver- 
aged ECGs in 14% of HIV-infected patients suggests 
that some reversible myocardiopathy, rather than fibro- 
sis, is responsible for the delayed conduction in this pop- 
ulation. Even among patients with evolving myocar- 
dial infarction who might be expected to demonstrate 
changing myocardial conduction, transient late poten- 
tials were seen in only 3 of 50 patients (6%).'° 

The evanescent quality of late potentials among 
HIV-infected patients raises the possibility that the 
conduction abnormality may be caused by a transient 
myocardiopathy such as myocarditis, which has been 
reported at both autopsy and on endomyocardial biopsy 
in these patients.’-? Using the highly sensitive polymer- 
ase chain reaction, we have detected HIV genomic se- 
quences in cardiocytes and interstitial dendritic cells in- 
dividually dissected from endomyocardial biopsy speci- 
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mens of asymptomatic seropositive patients as well as 
those with cardiomyopathy. Gag or pol sequences”? 
were detected in all 15 persons studied, 10 asymptom- 
atic HIV-serapositive patients and 5 with cardiomyopa- 
thy. The presence of these deoxyribonucleic acid se- 
quences in cerdiac tissue of asymptomatic patients may 
suggest a possible explanation for the observation that 
late potentiak are not limited to patients with echocar- 
diographic or clinical evidence of cardiomyopathy. 
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EDITORIALS 


Magnesium in Acute Myocardial Infarction 
(International Study of Infarct Survival 4) 


Mildred S. Seelig, MD 


al (ISIS4), examining the effects of an angio- 

tensin converting enzyme-inhibitor and a con- 
trolled-release oral mononitrate, includes intravenous 
magnesium as the sulfate administered as a 24-hour 
infusion alone or in combination with either or both 
drugs.' The protocol calls for planned randomized stud- 
ies of 40,000 patients with acute myocardial infarction 
in 400 clinical centers. Since efficacy of antiplatelet use 
of aspirin and fibrinolytic agents has been demon- 
strated, use of 1 or both before entry in ISIS4 is not 
precluded. 

The evaluation of magnesium infusion in a multi- 
center study of treatment of acute myocardial infarc- 
tion is welcome news to the investigators who conduct- 
ed the controlled trials in the last decade?-!> that pro- 
vided direct justification for such a wide scale study. 
The new intervention study is also good news to those 
who have reported the efficacy of magnesium in the 
management of cardiac arrhythmias in clinical trials 
that were not double-blinded, but sometimes corre- 
lated with the correction of magnesium deficiency.!*-24 
Among arrhythmias responsive to prophylactic as well 
as therapeutic administration of magnesium are those 
found in patients with hypertension and congestive 
heart failure who are receiving magnesium-wasting 
medication, and a variety of arrhythmias with and 
without hypomagnesemia. 

Intravenous bolus injections or infusions of magne- 
sium sulfate (over a 24-hour period) to control arrhyth- 
mias use the pharmacologic activity of magnesium that 
results from elevation of circulating (extracellular) 
magnesium levels for the duration of the infusion and 
for a relatively short time thereafter. It is noteworthy 
that in the most recent of the double-blind trials with 
intravenous magnesium infusions it has been customary 
to provide magnesium infusions for 36 hours to 5 
days.*-”?-!* The incidence of acute arrhythmias and 
mortality has been reduced by as much as 50% with 
such therapy.?>:?:!3 


T he fourth International Study of Infarct Surviv- 
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The gratifying results achieved by these controlled 
clinical trials of infusions of magnesium can be attrib- 
uted to not only their direct increase of the threshold 
for electrical excitation of myocardial cells and their 
reduction of vascular resistance with the increase of 
cardiac output (mentioned by the ISIS protocol), but 
also their reduction of the release of catecholamines 
that is caused by stress (like that induced by infarc- 
tion), which in turn leads to excess release of free fatty 
acids that can inactivate circulating magnesium.?>:?6 
Magnesium’s correction of hypokalemia,!+ 18-22-27 and 
its calcium-blocking?*? and antivasospastic effects!” 
can all contribute to magnesium’s immediate cardio- 
protection. Furthermore, it is possible that the anti- 
thrombotic effect of magnesium??’,2?3° may militate 
against reinfarction and that the coronary vasodilata- 
tion of hypermagnesemia induced over the short-term 
may help limit the size of the infarction. Experimental 
magnesium deficiency of dogs subjected to coronary oc- 
clusion increased the size of the necrotic area; repair of 
the deficiency limited the size of the dogs’ myocardial 
infarcts.*° 

Long-term follow-up (1 year) of patients receiv- 
ing intravenous magnesium showed that the improved 
prognosis seemed due only to decreased arrhythmias 
during the acute postinfarction phase.® Partial repair of 
underlying cellular deficits of this essential cation is 
probably achieved by a short-term pharmacologic ap- 
proach, but the low renal threshold for magnesium 
causes elimination of most of the infused dose. Since 
magnesium is predominantly an intracellular cation 
that protects against damage to membranes such as 
that caused by ischemia,!>?°’ long-term (oral) mag- 
nesium supplementation may well enhance protection 
against later reinfarctions and arrhythmias. It is hoped 
that the findings of ISIS4, relevant to magnesium, will 
bring renewed attention to the epidemiologic and exper- 
imental evidence that magnesium deficiency or loss 
contributes to structural arterial and myocardial le- 
sions that increase vulnerability to ischemic heart dis- 
ease, arrhythmias and sudden (unexpected) cardiac 
death, 2627.29 


REFERENCES 
1. Sleight P, Chairman Steering Comm. ISIS4 Protocol: ISIS (CTSU), Freepost, 
Radcliffe Infirmary, Oxford. 


EDITORIALS 1221 


SEL TE Ee a ee a Pe 


2. Abraham AS, Rosenmann D, Kramer M, Balkin J, Zion MM, Farbstein H, 
Eylath U. Magnesiim in the prevention of lethal arrhythmias in acute myocardial 
infarction. Arch Intern Med 1987;147:753-755. 

3. Bertschat F, Isinz H, Guenther T, Sorgenfrei J, Wollitz M, Ibe K. Antiarrhyth- 
mic effects of magaesium infusions in patients with acute myocardial infarction. 
Magnesium Bul 1 989;11:155-158. 

4. Golf SW, Temme H, Moebius T, Greaf V, Roka L, Homann J. Magnesium 
therapy after acute myocardial infarction: chronologic sequence of biochemical 
blood parameters im German). Magnesium Bul 1988;10:119-123. 

5. Morton BC, Snath FM, McKibbon TJ, Nair RC, Poznanski WJ. Magnesium 
therapy in acute myecardial infarction. Magnesium Bul 1981;3:192-194. 

6. Morton BC, Naw RC, Smith FM, McKibbon TG, Poznanski WJ. Magnesium 
therapy in acute myocardial infarction—a double-blind study. Magnesium 
1984;3:346-352. 

7. Pereira D, Perewa TG, Rabagal C, Carvalho E, Linder J, Afonso JS, Pereira 
JN, Halpern MJ, Femnandes JS. Effect of intravenous administration of MgSO4 
in the acute phase ef myocardial infarct (in Portuguese, Engl abstr). Rev Port 
Cardiol 1990;9:20 +—210. 

8. Rasmussen HS. Gronbaek M, Cintin C, Balslov S, Norregard P, McNair P. 
One-year death rave in 270 patients with suspected acute myocardial infarction, 
initially treated wih intravenous magnesium or placebo. Clin Cardiol 1988;11: 
377-381. 

9. Rasmussen HS Clinical intervention studies on magnesium in myocardial 
infarction. Magnesiwm 1989;8:316-325. 

10. Rasmussen HS. Justification for intravenous magnesium therapy in acute 
myocardial infarcton. Magnesium Res 1988;1:59-73. 

11. Shechter M, bod H, Marks N, Behar S, Kaplinsky E, Rabinowitz B. Benefi- 
cial effect of magnesium sulfate in acute myocardial infarction. Am J Cardiol 
1990;66:27 1-274. 

12. Singh RB, Srear AR, Rastogi SS, Garg V. Magnesium and Potassium 
Administration in Acute Myocardial Infarction. Magnes Trace Elem 1990;9: 
198-204. 

13. Smith LF, Heagerty AM, Bing RF, Barnett DB. Intravenous infusion of 
magnesium sulphate after acute myocardial infarction: effects on arrhythmias 
and mortality. Int J Cardiol 1986;12:175-183. 

14. Dyckner T, Wester PO. Ventricular extrasystoles and intracellular electro- 
lytes before and afver potassium and magnesium infusions in patients on diuretic 


cL na pe TTR RS Bee AE ST ET eT Ry ST See Dy SS See MSS ea eT a en FL STI eT 
oo - : - Rna t “Sa Te . 4 f, . 7 m-£,7 + ee ee STi a F es À F 
' X d v% Y - - i x - ` i 


ae 
Re 


treatment. Am Heart J 1979;97:12-18. 

15. Dyckner T, Wester PO. Potassium/magnesium depletion in patients with 
cardiovascular disease. Am J Med 1987;82:11-17. 

16. Iseri LT, Freed J, Bures AR. Magnesium deficiency and cardiac disorders. 
Am J Cardiol \1975;58:837-846. 

17. Iseri LT. Magnesium in coronary artery disease. Drugs 1984;28(suppl 
1):151-160. 

18. Iseri LT, Allen BJ, Brodsky MA. Magnesium therapy of cardiac arrhythmias 
in critical-care medicine. Magnesium 1989;8:299-306. 

19. French JH, Thomas RG, Siskind AP, Brodsky M, Iseri LT. Magnesium 
therapy in massive digoxin intoxication. Ann Emerg Med 1984;13:562-566. 
20. Keren A, Tzivoni D. Magnesium therapy in ventricular arrhythmias. PACE 
1989;13:937-945. 

21. Sager PT, Widerhorn J, Petersen R, Leon C, Ryzen E, Rude R, Rahimtoola 
SH, Bhandari AK. Prospective evaluation of parenteral magnesium sulfate in the 
treatment of patients with reentrant AV supraventricular tachycardia. Am Heart 
J 1990;119:308-316. 

22. Sheehan J. Importance of magnesium chloride repletion after myocardial 
infarction. Am J Cardiol 1989;63:35G-38G. 

23. Ising H, Rebentisch E, Bertschat F, Guenther T. Correlations between 
ventricular arrhythmias and electrolyte disturbances after acute myocardial in- 
farction. Magnes Trace Elem 1990;9:205-211. 

24. Speiser K, Ganzoni E. Intravenous magnesium therapy in acute myocardial 
infarction (in German, Engl abstr). Magnesium Bul 1988;11:130-134. 

25. Flink EB, Brick JE, Shane SR. Alterations of long-chain free fatty acid and 
magnesium concentrations in acute myocardial infarction. Arch Intern Med 
1981;141:441-443. 

26. Ebel H, Guenther T. Role of magnesium in cardiac disease. J Clin Chem Clin 
Biochem 1983;21:249-265. 

27. Sheehan JP, Seelig MS. Interactions of magnesium and potassium in the 
pathogenesis of cardiovascular disease. Magnesium 1984;3:301-314. 

28. Iseri LT, French JH. Magnesium: nature’s physiologic calcium blocker. Am 
Heart J 1984;108:188-193. 

29. Bloom S. Effects of magnesium deficiency on the pathogenesis of myocardial 
infarction. Magnesium 1986;5:154-164. 

30. Chang C, Varghese PJ, Downey J, Bloom S. Magnesium deficiency and 
myocardial infarct size in the dog. J Am Coll Cardiol 1985;5:280-289. 


Divine Intervention 


George A. Diamond, MD 


en years ago, Andreas Griintzig established 
the first Department of Interventional Cardiolo- 
gy at Emory University.! Since then, this still 
fledgling discipline has wrought a revolutionary impact 
on the fields of cardiology? and radiology.’ There are 
now published guidelines for training and certification, 
several professional journals and societies, and many 
regularly scheduled symposia. A recent Medline search 
uncovered 6£ publications emanating over the last de- 
cade from 14 departments, 5 divisions, 4 sections and 
10 miscellaneous groups, centers, laboratories or units 
of interventional cardiology or radiology. There is no 
telling how many similar interventional programs have 
been establisted in nonacademic medical centers. 
Interventional medicine appears to be an idea whose 
time has come. Its meteoric rise in the field of cardiolo- 
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gy leads me to believe we can exploit the “intervention- 
al” rubric as a catalyst for cultural change*+ in many 
other fields as well. To do so, however, we need a clear 
understanding of what is meant by this term. 


Discipline Activity 


Interventional pediatrics Parenthood 
Interventional gynecology Planned parenthood 
Interventional genetics Managed parenthood 
Interventional gerontology Managed parents 
Interventional psychology Advertising 
Interventional economics Socialism 
Interventional philosophy Religion 
Interventional sociology Apartheid 
Interventional ecology Industrialization 
Interventional diplomacy Conventional warfare 
Interventional bacteriology Germ warfare 
Interventional physics Nuclear warfare 
Interventional history Journalism 
Interventional journalism History 
Interventional law Law 

Interventional anatomy Surgery 
Interventional biostatistics Medicine 
Interventional physiology Pharmacology 
Interventional hematology Thrombolysis 
Interventional cardiology Restenosis 


1222 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 1, 1991 


According to Webster’s Third New International 
Dictionary, the principal meaning of the word inter- 
vene (from the Latin intervenire, to come between) is 
“to enter or appear as an irrelevant or extraneous fea- 
ture or circumstance . . . to come in or between by way 
of hindrance or modification. . . .”> Semanticist S. I. 
Hayakawa agrees with this pejorative tone, saying that 
the word contrasts with synonyms such as mediate, in- 
tercede and interpose by suggesting “. . . an unwanted 
meddling in other people’s business. . . .”6 

Therefore, in accordance with these authoritative 
sources, I respectfully proffer the following preliminary 
glossary of interventional disciplines: 

Of course, practitioners of such divine interventions 
deserve appropriate recognition—perhaps by appending 


the initials “ID” after their names to distinguish them 
from their less divine colleagues. 
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BRIEF REPORTS 


Usefulness of Echocardiography to Differentiate Dilated 
Cardiomyopathy from Coronary-Induced Congestive Heart Failure 


Rienzi A. Diaz, MD, Petros Nihoyannopoulos, MD, George Athanassopoulos, MD, 


and Celia M. Oakley, MD 

ilated cardiomyopathy and coronary-induced 
D heart failure may be clinically indistinguishable. 
By definition the etiology of dilated cardiomy- 
opathy is unknown,! whereas in coronary-induced heart 
failure exterswe myocardial damage results from severe 
atherosclerocie narrowing of the coronary arteries.* The 
echocardiog-aphic evidence of regional wall motion ab- 
normalities has been used in support of a clinical diagno- 
sis of coronary artery disease, whereas a diffusely hypo- 
kinetic left ventricle has formerly been considered char- 
acteristic of dilated cardiomyopathy, especially when 
associated with right ventricular dilatation and hypokine- 
sia.4 It has recently been suggested that regional wall 
motion abnormalities recognized by radionuclide ventric- 
ulography or 2-dimensional echocardiography occur of- 
ten in patierts with dilated cardiomyopathy.° Differen- 
tiation betwen dilated cardiomyopathy and coronary- 
induced heart failure remains crucial particularly in pa- 
tients with left bundle branch block since their treatment 
and prognosis may differ. This prospective study was 
undertaken <o ascertain whether patients with chronic 
heart failure secondary to dilated cardiomyopathy or 
coronary-incuced heart failure have a distinct echocar- 
diographic pattern and can be differentiated noninvas- 
ively. 

We prospectively studied 78 patients with chronic 
cardiac failure who were referred for routine 2-di- 
mensional and Doppler echocardiography. These pa- 
tients were in New York Heart Association functional 
class II to FY. All patients underwent diagnostic car- 
diac catheterization, coronary angiography and left 
ventriculography. Radionuclide left ventriculography 
was also performed and showed an ejection fraction of 
<40% in all patients. Patients with dilated cardiomy- 
opathy und2rwent right ventricular endomyocardial 
biopsy and aone showed evidence of myocarditis. Di- 
lated cardiamyopathy was defined as a heart muscle 
disease of unknown cause,! so that the diagnosis was 
made when ether causes of cardiac failure were ex- 
cluded (corenary or hypertensive heart disease, amy- 
loid or sarccid heart disease, hemochromatosis). Cor- 
onary-induced heart failure was recognized when 
myocardial damage was attributable to severe coro- 
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nary artery disease. Patients with coronary heart fail- 
ure who did not have a dilated left ventricle were not 
included in this study. Eight patients were excluded 
from the study because of inadequate quality echo- 
cardiograms. Thirty-six patients had dilated cardio- 
myopathy and 34 had coronary-induced heart failure. 
There were no differences in the symptomatic state 
between the 2 groups. Their clinical features are listed 
in Table I. Twenty-two of the patients with coronary- 
induced heart failure had unequivocal history of pre- 
vious myocardial infarction and 10 had undergone 
coronary artery bypass surgery. None of our patients ` 
had a left ventricular aneurysm. 

Studies were performed with patients in the su- 
pine and left lateral decubitus positions using a 
Toshiba Doppler flow imaging system, model SSH- 
65A, equipped with both a 3.75 MHz transducer for 
imaging and a 2.5 MHz transducer for Doppler ex- 
amination. All studies were recorded on a U Matic 
(VOS800PS-SONY) video recorder. Two-dimensional 
and M-mode echocardiograms were obtained follow- 
ing the standards of the American Society of Echocar- 
diography.’ Right ventricular dimensions and func- 
tion were also assessed.® Both systolic wall thickening 
and motion were assessed from 2-dimensional echo- 
cardiographic imaging of the left ventricular motion 
throughout the cardiac cycle, dividing the left ventri- 
cle segmentally for analysis of regional wall motion,? 
and using a simple qualitative method.!° Abnormal 
left ventricular wall motion was classified as diffuse 
or segmental. Regional wall motion abnormality was 
defined as localized areas of hypokinesia, akinesia or 
dyskinesia.'! Particular attention was paid to the 
brightness of the area of regional wall motion abnor- 
mality compared with the remaining myocardium in 
diastole. The presence of a thin and highly echo-dense 


TABLE I Clinical Characteristics in Patients with Dilated 

Cardiomyopathy and Coronary-Induced Heart Failure 
Dilated 
Cardiomyopathy 
(n = 36) 


Coronary-Induced 
Heart Failure 


51 +13 
30/6 

7 (19%) 
LBBB (n) 20 (56%) 
LVEF (%) 27+6 
Values are mean + standard deviation. 


AF = atrial fibrillation; LBBB = left bundle branch block; LVEF = left ventricular 
ejection fraction by radionuclide ventriculography; NS = not significant. 


61.8+ 10.1 


Age (year) 


Men/women 

AF (n) 

15 (44%) 
28+8 
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TABLE iI Echocardiographic and Doppler Characteristics in 
Patients with Dilated Cardiomyopathy and Coronary-Induced 
Heart Failure 

Dilated 


Cardiomyopathy 
(n = 36) 


Coronary-Induced 
Heart Failure 
(n = 34) 


16 (44%) 22 (65%) 


Regional wall motion abnormal- 


ity (n) 


Right ventricular dilatation (n) 


21 (58%) 
f71<=9 


20 (59%) 

Left ventricular end-diastolic 68 +8 
dimension (mm) 

Left ventricular end-systolic 
dimension (mm) 

Left ventricular fractional short- 
ening (%) 

E wave (cm/s) 

A wave (cm/s) 

Left ventricular outflow tract 
velocity (cm/s) 

Heart rate (beats/min) 


62 +9 59 +7 


13 +4 





segment was considered to represent myocardial scar. 
On M-mode echocardiography, this appeared as a 
single thin band of echoes or as multiple dense hori- 
zontal lines.!? 

Pulsed and continuous-wave Doppler examina- 
tions were performed. Left ventricular outflow tract 
and mitral velocities were recorded from the apical 4- 
chamber view to assess left ventricular systolic and 
diastolic characteristics. Peak flow velocity in early 
diastole (E-wave) and during atrial contraction (A- 
wave) were measured. Color Doppler flow imaging 
was performed to determine the presence of valvular 
regurgitation”? All studies were independently inter- 
preted by 2 experienced observers. Complete 12-lead 
electrocardiograms were available in all patients and 
the presence of left bundle branch block was noted 
(Table I). 

The data were stored in a computer and analyzed 
by the statistical package Minitab. Values are ex- 
pressed as mean + standard deviation. Differences 
between groups were tested by the Student's unpaired 
t test or chi-square test when applicable. Results were 
considered to be statistically significant at p <0.05. 

Of the 36 patients with dilated cardiomyopathy, 16 
(44%) had regional and 20 (56%) had diffuse wall 
motion abnormalities. Of the 34 patients with coro- 
nary-induced heart failure, 22 (65%) had regional 
and 12 (35%) had global wall motion abnormalities. 
These differences were not statistically significant 
(Table II). Figure 1 shows diastolic stop-frame im- 
ages from 2-dimensional echocardiograms of a pa- 
tient with coronary heart failure (A and B) and a 
patient with dilated cardiomyopathy (C and D). Both 
patients exhibited similar systolic function with dif- 
fuse biventricular hypokinesia. Most of the patients in 
both groups had regional wall motion abnormalities 
involving >1 segment, the anterior, septal and apical 
segments being the most frequently affected. Three 


TABLE ill Right Ventricular Dilatation in Patients with Dilated 
Cardiomyopathy and Coronary-Induced Heart Failure 


Dilated 
Cardiomyopathy 
(n = 36) 


Right Ventricular 
Dimension 
(mm) 


Coronary-Induced 
Heart Failure 
(n = 34) 


Normal 
Value 


(18-30) 
(14-26) 
(37—54) 
(15-30) 


Outflow tract view 1 
Outflow tract view 3 
Inflow tract view 1 


Inflow tract view 3 





patients with dilated cardiomyopathy were mistaken- 
ly diagnosed as having coronary heart failure because 
of the regional wall motion abnormalities on the echo- 
cardiograms. Conversely, 3 patients with coronary- 
induced heart failure had been diagnosed as having 
dilated cardiomyopathy because both the right and 
left ventricles were dilated and diffusely hypokinetic. 
Highly echo-dense segmental myocardial areas sug- 
gesting myocardial scar were found in 4 of 16 patients 
(25%) with dilated cardiomyopathy and in 9 of 22 
(41%) with coronary heart failure (p = not signifi- 
cant). Of the 9 patients with coronary-induced heart 
failure and an echocardiographic scar, 7 (78%) had 
had a documented myocardial infarction, whereas 7 
of 13 (54%) patients without an echocardiographic 
scar also had a history of myocardial infarction. 
The incidence of regional wall metion abnormali- 
ties in patients without left bundle branch block was 
38% in patients with dilated cardiomyopathy and 53% 
in patients with coronary-induced heart failure, dif- 
ferences that are not significant when compared with 
our population as a whole. Right ventricular dilata- 
tion and dysfunction were present in 21 of 36 patients 





FIGURE 1. Parasternal long-axis (top panels) and short-axis 
(bottom panels) diastolic stop-frame images from 2-dimen- 
sional echocardiograms of a patient with coronary-induced 
heart failure (A and B) and a patient with dilated cardiomyop- 
athy (C and D). Both patients show similar dilatation of the 
left and right ventricles. AO = aorta; LA = left atrium; 

LV = left ventricle. 
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TABLE IV Resurgitant Flows in Patients with Dilated 
Cardiomyopathy and Coronary-Induced Heart Failure by Color 
Doppler Flow Imaging 


Dilated 
Cardiomyopathy 
(n = 36) 


36 (100) 
15 (42) 


Coronary-Induced 
Heart Failure 
(n = 34) 


33 (97) 
20 (59) 


Mitral regurgitateon (%) 

Tricuspid regure tation (%) 
Aortic regurgitation (%) 9 (25) 9 (27) 
Pulmonary reguagitation(%) 14 (39) 12 (35) 


p values not signif=ant. 


(58%) with Elated cardiomyopathy and in 20 of 34 
patients (59%) with coronary-induced heart failure. 
The incidence (Table II) and the severity of right 
ventricular di‘atation ( Table III) were not significant- 
ly different between the 2 groups. Table I lists the 
clinical findirgs and Table II the echocardiographic 
and Doppler findings in both groups (Table I). The 
only significaat difference between the 2 groups was in 
the age of the patients. There were no echocardio- 
graphic differences between the groups in left ventric- 
ular internal dimensions, fractional shortening, left 
atrial size or Doppler parameters (E and A waves, or 
left ventriculer outflow tract velocity). 

The color Doppler flow imaging characteristics are 
listed in Table IV. No significant differences were 
found betweer the 2 groups. Mitral regurgitation was 
present in all patients with dilated cardiomyopathy 
and in all but ! patient in the coronary-induced heart 
failure group (97%). Tricuspid regurgitation was 
found in 42% 2f patients with dilated cardiomyopathy 
and in 59% of patients with coronary-induced heart 
failure (p = mt significant). Both aortic regurgitation 
and pulmonary regurgitation had a similar incidence 
in patients wth dilated cardiomyopathy and coro- 
nary-induced eart failure. All regurgitant flows ob- 
served were cansidered to be mild or, at most, mod- 
erate. 

Clinical distinction between dilated cardiomyopathy 
and coronary-imduced heart failure may be difficult. Pa- 
tients with dilated cardiomyopathy may have chest pain 
or electrocardmgraphic changes suggestive of coronary 
artery disease, whereas some patients with coronary ar- 
tery disease present in congestive heart failure without a 
history of angma, electrocardiographic evidence of isch- 
emia or infarction. The presence of left bundle branch 
block may further compromise the clinical distinction 
because it masxs the evidence of previous infarction and 
makes the interpretation of exercise testing impossible. 

There is a general consensus that radionuclide ven- 
triculography and 2-dimensional echocardiography are 
valuable and accurate noninvasive methods of analyzing 
both global and regional left ventricular function,!* but 
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whether it is possible to distinguish reliably between di- 
lated cardiomyopathy and coronary-induced heart fail- 
ure by these methods has remained controversial.!> The 
presence of regional wall motion abnormalities has been 
used to support a diagnosis of coronary artery disease,? 
whereas a diffusely hypokinetic left ventricle, especially 
when accompanied by right ventricular dilatation and 
hypokinesia, was considered characteristic of dilated car- 
diomyopathy.* Some investigators have reported success 
in differentiating dilated cardiomyopathy from coro- 
nary-induced heart failure using echocardiography? or 
radionuclide studies.4 Conversely, Greenberg et al!5 
found that radionuclide techniques could not reliably 
distinguish between dilated cardiomyopathy and coro- 
nary-induced heart failure. Although none of our pa- 
tients had a left ventricular aneurysm, it is important to 
emphasize that this finding, when present, is considered 
highly specific for ischemic heart disease. 

We found regional wall motion abnormalities in 44% 
of patients with dilated cardiomyopathy, in agreement 
with Wallis et al> who also noted a high incidence of 
regional wall motion abnormalities in this heart condition 
using radionuclide ventriculography. In our study, pa- 
tients with dilated cardiomyopathy and coronary-in- 
duced heart failure had a similar incidence of regional 
wall motion abnormalities (Table II). When left bundle 
branch block was excluded, the presence of regional wall 
motion abnormalities was seen in 38% of patients with 
dilated cardiomyopathy and in 53% of those with coro- 
nary-induced heart failure. Therefore, this factor does 
not appear to play a significant role in the development of 
regional wall motion abnormalities in our study group. 
Diffuse wall motion abnormalities were present in 35% of 
patients with coronary-induced heart failure, showing 
that this pattern of contraction is not uncommon. 
Though an appearance suggestive of myocardial scar!2 
was encountered more often in patients with coronary- 
induced heart failure than in those with dilated cardio- 
myopathy, this did not reach statistical significance. 

Right ventricular dilatation was present in 58 and 
59% of patients with dilated cardiomyopathy and coro- 
nary-induced heart failure, respectively. No differences 
were found between patients with dilated cardiomyopa- 
thy and coronary-induced heart failure with regard to the 
incidence of right ventricular enlargement (Table II) and 
the severity of right ventricular dilatation (Table III), 
which was often associated with hypokinesia. Although 
Chen et al? reported a low incidence of right ventricular 
compromise in patients with coronary-induced heart fail- 
ure, we found a high incidence of right ventricular in- 
volvement. The presence of normal right ventricular size 
and function in 42% of our patients with dilated cardio- 
myopathy showed that in most patients with dilated car- 
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diomyopathy the left ventricle is the more severely com- 
promised,!° although patients may rarely have predomi- 
nant right ventricular involvement. !7 

Examination of the Doppler parameters in our pa- 
tient population did not reveal differences between 
patients with dilated cardiomyopathy and those with cor- 
onary-induced heart failure (Table II). Both groups ex- 
hibited low left ventricular outflow tract velocities reflect- 
ing the severe dysfunction present in these patients. The 
high, ill-sustained passive filling (E-wave) observed on 
the mitral diastolic waveform is mainly attributed to the 
low cardiac output present in both groups. Once the 
mitral valve opens the left ventricle fills rapidly, further 
increasing the already elevated left ventricular diastolic 
pressure to such a level that it halts the filling of the left 
ventricle even earlier. Color Doppler flow imaging find- 
ings are listed in Table IV. Our observations confirm that 


‘there is a rather high incidence of multivalvular regurgi- 


tation in patients with dilated cardiomyopathy.!® In our 
series, we found a similarly high incidence of regurgitant 
lesions in patients with coronary heart failure (Table IV). 
Interestingly, tricuspid regurgitation was observed in a 
higher proportion of patients with coronary-induced 
heart failure than in patients with dilated cardiomyopa- 
thy, but this was not statistically significant. This obser- 
vation might be explained by injury of the right ventricu- 
lar papillary muscles or supporting ventricular wall as a 
result of ischemia or infarction. 

In conclusion, in our series, 2-dimensional echocardi- 
ography combined with Doppler and color flow imaging 
failed to differentiate patients with dilated cardiomyopa- 
thy from those with coronary-induced heart failure in a 
population of patients presenting with chronic heart fail- 
ure. 
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Efficacy and Safety of Sotalol in Digitalized Patients with Chronic 


Atrial Fibrillation 


Steven Singh, MD, Ravinder K. Saini, PhD, John DiMarco, MD, PhD, Jeffrey Kluger, MD, 
Robert Gold, MD, Yiwang Chen, MD, and the Sotalol Study Group 


hronic atrial fibrillation (AF) not only reduces 
as much as 30% of cardiac output and cerebral 
blood flow, but also increases the incidence of 
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stroke.! Despite its limitation, digitalis is still being used 
for ventricular rate control in AF.* Therefore, in chronic 
AF, there is still a need for a safer, better tolerated and 
more effective drug to control ventricular rate during 
exercise or other stressful situations. Sotalol, because it is 
a G-adrenergic antagonist and has class III antiarrhyth- 
mic properties, may convert AF to normal sinus rhythm 


BRIEF REPORTS 1227 


TABLE I Patients’ Demography and Characteristics 


Sotalol 
(n = 24) 


Placebo 
(n = 10) 


Age (yr) 61+9 
Men/women TIS 
Weight (Ibs) 193 + 41 
Heart rate (bea min) 85 + 17 
Left atrial size (em) 4.3 + 0.6 
Duration of current atrial fibrillation 93 + 123 
(day) 
Known duration ef atrial fibrillation (yr) 4.1 + 5.7 3.4+ 4.9 


Data are presented as mean + standard deviation. 


and maintain sinus rhythm, or effectively control the 
ventricular response.*-> This study compares the short- 
and long-term safety and efficacy of sotalol with those of 
placebo in patients with chronic AF who had undergone 
digitalization. 

Patients with AF of either sex and aged 218 years 
were entered mio the study. They also had to have had 
digoxin thercpy (<0.5 mg/day) for ventricular rate 
control, history of chronic AF with a duration of at 
least 2 to 52 weeks established from the history and 
medical records, Holter recording, exercised ventricu- 
lar rate >12C beats/min with symptom-limited exer- 


60 + 14 
17/7 
186 + 46 
93 + 20 
4.4 + 0.4 
75 + 83 
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cise testing, and written informed consent before the 
study. 

Patients requiring digoxin of >0.5 mg/day for rate 
control at rest, having >1 unsuccessful electrical car- 
dioversion, or intolerant to previous sotalol therapy 
were excluded. Patients with significant hepatic, re- 
nal, cardiac, bronchospastic or any other major con- 
current disease were also excluded, as were women of 
child-bearing potential. 

A |-week washout period was necessary if patients 
were taking other concomitant medication like B 
blockers, antiarrhythmic agents or calcium antago- 
nists. During this qualifying period exercise test, pro- 
thrombin time (if the patient was taking an anticoagu- 
lant drug) and serum digoxin levels were determined 
before randomization into the study. 

This was a multicenter, randomized, double-blind, 
placebo-controlled study in digitalized patients with 
chronic AF. Patients were randomized to sotalol (80 
to 320 mg/day) or placebo. Background therapy with 
open-label digoxin (<0.5 mg/day) was added to each 
arm. At the end of 1 week (range 7 to 10 days) of 
double-blind medication, patients who achieved sinus 
rhythm were considered responders and continued re- 
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FIGURE 1. Effects of sotalol on parameters of treadmill exercise tests in patients with chronic atrial fibrillation. Sotalol signifi- 
decreased maximal heart rate (A), double product (B) and maximal blood pressure (BP) (C), but had no effect on exercise 


cantly 
duration (D). 
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ceiving the medication under double-blind conditions 
for 6 months. Patients not reverting to sinus rhythm 
had 24-hour Holter recordings and symptom-limited 


_. exercise tests before electrical cardioversion. Those 


responding to electrical cardioversion (reversion to 
sinus rhythm lasting 22 hours) continued to receive 
double-blind medication for 6 months. Patients un- 
able to achieve both pharmacologic and electrical car- 
dioversion to achieve normal sinus rhythm had their 
double-blind codes broken and were given the option 
to enter single-blind sotalol treatment in order to con- 
trol the ventricular response or to be discontinued 
from the study. 

Effective treatment was defined as any of the fol- 
lowing: medical conversion to sinus rhythm, time to 
recurrence of AF after electrical cardioversion during 
the double-blind phase (6 months), or reduction of 
exercise ventricular rate by 215% in patients who 
continued to have AF at the end of the short-term 
period (7 to 10 days) of the double-blind phase. 

Safety was evaluated by on-treatment condition 
reports (including adverse reactions), measurement of 
vital signs, electrocardiographic recordings and clini- 
cal laboratory results. Demographic and baseline 
characteristics, the number of patients achieving sinus 
rhythm at the end of 1 week, the number of patients 
remaining in sinus rhythm at the end of 6 months of 
the double-blind phase, and the ventricular rate at 
rest and during exercise were compared between the 2 
groups of patients receiving sotalol and placebo using 
the t-test or Fisher’s exact test when appropriate. A p 
value <0.05 was considered adequate for rejection of 
the null hypothesis. 

A total of 34 patients were involved in this study. 
Ten patients received placebo and 24 patients received 
sotalol. The details of their clinical characteristics are 
listed in Table I. Six of 10 patients taking placebo, 
and 12 of 24 patients taking sotalol achieved normal 
sinus rhythm. In the placebo group, 2 of 10 patients 
achieved sinus rhythm by pharmacologic means, and 
4 of the remaining 8 patients successfully achieved 
sinus rhythm by electrical cardioversion. In the sota- 
lol group, 2 of 24 patients achieved sinus rhythm by 
pharmacologic means. In the remaining 22 patients, 4 
patients refused electrical cardioversion and were 
withdrawn. Eighteen patients underwent electrical 
cardioversion; 10 patients achieved sinus rhythm. 
The percentages of patients in the placebo and sota- 
lol groups who successfully achieved normal sinus 
rhythm were not significantly different. 

In all 6 patients taking placebo who achieved sinus 
rhythm, AF returned within 1 month. However, 5 of 
12 patients taking sotalol maintained sinus rhythm 
for the entire 6-month double-blind period (p <0.05). 





The effects of sotalol and placebo on the ventricu- 
lar rate were evaluated only in patients whose phar- 
macologic attempts to achieve normal sinus rhythm 
were unsuccessful. Twenty-one patients taking sotalol 
and 8 patients taking placebo underwent symptom- 
limited modified Bruce exercise tests. Patients receiv- 
ing sotalol achieved statistically significant decreases 
in maximal heart rate, maximal systolic and diastolic 
blood pressures, and rate-pressure products when 
compared with baseline (p <0.05) (Figure 1). There 
was no significant change in the exercise duration of 
both groups. 

The ventricular rate of the 24-hour Holter record- 
ings are shown in Figure 2. Sotalol, compared with 
baseline and placebo, significantly reduced the maxi- 
mal and mean ventricular rates (p <0.05). However, 
no significant changes were observed in the minimal 
ventricular rate in either group or between the 2 
groups. 

Six patients taking placebo and 10 patients taking 
sotalol had their digoxin levels (8 hours after dosing) 
assayed both at baseline and at 7 to 10 days in the 
double-blind period. In the sotalol group, the mean 
digoxin level was 0.88 + 0.11 ng/ml for baseline, and 
0.89 + 0.11 ng/ml at the end of 7 to 10 days of 
treatment. In the placebo group, levels were 1.07 + 
0.31 ng/ml at baseline, and 0.78 + 0.07 ng/ml at the 
end of 7 to 10 days of treatment. The digoxin concen- 
trations were not significantly changed from baseline 
in either group, nor was there a difference between the 
2 groups. During the randomized double-blind treat- 
ment, dyspnea was observed in 3 patients in each of 
the placebo and sotalol groups. Six patients taking 
sotalol and 2 taking placebo complained of diarrhea, 
nausea and vomiting. Mild dizziness, fatigue or sleep- 
ing problems were reported by | 2 patients taking sota- 
lol and 2 patients taking placebo. 
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FIGURE 2. Effects of sotalol on heart rate during 24-hour 


Holter recordings. Sotalol significantly reduced maximal and 
mean heart rates, but had no effect on minimal heart rate. 
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Three patients receiving sotalol withdrew from the 
study because of adverse effects (asymptomatic bra- 
dycardia in Z, and nausea and vomiting in 1). Neither 
proarrhythn#a nor death occurred in this study. 

This study has shown that in patients with chronic AF 
who had undergone digitalization, the addition of sotalol 
significantly >rolonged the duration of normal sinus 
rhythm, reduced resting and exercise ventricular rate, 
and decreased maximal blood pressure and rate-pressure 
product durirg exercise testing when compared with pla- 
cebo. Howevar, the percentage of patients achieving si- 
nus rhythm, eather by pharmacologic or electrical cardio- 
version in bo- sotalol and placebo groups, was similar. 
No adverse itteraction between the digoxin and sotalol 
groups was neted, and no unexpected side effects were 
observed. 

One clinical study has shown that sotalol restores 
sinus rhythm i only 1 of 5 patients with AF.6 Our results 
have similarly shown that in 24 patients with chronic AF, 
only 2 achieved sinus rhythm after 7 to 10 days with 
sotalol treatment. This was not significantly different 
from the placedo group. Therefore, the addition of sotalol 
does not appear to be better than digoxin alone in conver- 
sion of AF te sinus rhythm. 

In maintaming normal sinus rhythm with sotalol after 
the rhythm œas restored by either pharmacologic or 
electrical con"=rsion, Antman et al’ showed that 50% of 
patients rememed in sinus rhythm after 6 months of 
open-label sot=lol therapy. More recently, Juul-Moller et 
al, comparinz sotalol with quinidine, demonstrated that 
sotalol was equally as effective as quinidine in maintain- 
ing sinus rhahm after direct-current conversion of 
chronic AF, æd was better tolerated and more effective 
in controlling the ventricular rate when patients reverted 
into AF. In t= present study, we have shown that the 
addition of secalol in patients with AF who received 


digitalis is better than digoxin alone in controlling and 
preventing ventricular rate increase during exercise. 

Quinidine and amiodarone increased serum digoxin 
concentration and toxicity.?!° In this study, sotalol did 
not appear to have such an effect. Moreover, quinidine 
treatment is effective in suppressing recurrences of AF; 
however, it may be associated with increased mortality. !! 

Thus, sotalol effectively maintains sinus rhythm after 
drug or direct-current cardioversion of chronic AF, re- 
duces exercise-increased heart rate and blood pressure, 
and is well-tolerated in digitalized patients with chronic 
AF. 
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Exercise Performance with Single Chamber Rate-Responsive Pacing 
in Congenital Heart Defects After Operation 


Stephen M. Paridon, MD, Peter P. Karpawich, MD, 


he use of various types of rate-responsive pacing 

systems (AAI-R, VVI-R) in anatomically nor- 

mal hearts has resulted in improved exercise per- 
formance. This has been measured as improved work 
rate, maximal oxygen consumption, and oxygen con- 
sumption at which ventilatory anaerobic threshold is 
achieved. The usefulness of rate-responsive pacing in 
patients with congenital heart defects has not been exten- 
sively studied.!-3 Most patients with congenital heart 
defects are postoperative patients with either surgical 
atrioventricular block or sinus node dysfunction.*+°> The 
underlying structural cardiac defects are often complex 
and may contribute to impaired ventricular function. 
How these abnormalities affect physiologic cardiopulmo- 
nary response with single chamber rate-responsive pac- 
ing is unknown. We compared the exercise responses of 
patients with congenital heart defects using an implanted 
motion-sensing rate-responsive single chamber pacing 
system. This study was performed to evaluate potential 
efficacy of variable over fixed rate single chamber pacing 
in these patients. 

The group consisted of 10 children and adolescents 
with various types of structural congenital heart de- 
fects who had required surgery. Table I summarizes 
the age, diagnosis, sex, and years after operation at 
the time of testing. The indications for pacemaker 
implantation and the site of pacing are additionally 
summarized for each patient in Table I. 

Implanted pulse generators were Medtronic mod- 
els 8403, 8412, 8413 and 8417. All are activity-re- 
sponsive, rate-modulated models that permit pro- 
gramming of lower and upper paced rates, activity 
thresholds (low, medium, high) of the motion sensor 
to initiate rate change, and the rate responsiveness. 
This last programmable feature permits adjustment 
of the speed of incremental rate change (from slow [1] 
to rapid [10]) in response to detected activity. All 
models, except 8417, have a nonprogrammable rapid 
acceleration and slow deceleration rate-response time. 
This is programmable in the more recent model 8417. 
The patients were tested in 2 pacing modes: (1) VVI or 
AAI at a fixed rate of 70 beats/min, and (2) VVI-R or 
AAI-R with activity threshold at high and rate re- 
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sponsiveness at 10 (least sensitive, rapid response). 
The rate response mode was programmed to a low 
rate of 70 and an upper rate limit of 150 beats/min. 

All patients underwent exercise testing in both pac- 
ing modes. The order of testing in each mode was 
randomized for each patient. At least 2 weeks sepa- 
rated each exercise test. After appropriate informed 
consent, the patients were exercised to maximum voli- 
tion using a 1-minute incremental treadmill protocol. 
This consisted of a 3-minute baseline stage at 3 mph 
and 0% grade. The grade and speed were then in- 
creased each minute to exhaustion. 

Resting 12-lead electrocardiograms were obtained 
in the sitting and standing positions. Leads II, aVF 
and Vs were monitored continuously during the test- 
ing. A 12-lead electrocardiogram was obtained at 
each minute during the exercise and for the first 5 
minutes of recovery. 

Blood pressure was obtained standing at rest at 
each 3 minutes of exercise, and at at 1 and 5 minutes 
of recovery. An automated blood pressure cuff gaited 
to the ORS for auscultation of the Korotcoff sounds 
was used in all patients. 

Minute oxygen consumption, minute carbon diox- 
ide production and minute ventilation were all mea- 
sured on a breath by breath basis. Respiratory ex- 
change ratio, ventilatory equivalents of oxygen and 
ventilatory equivalents of carbon dioxide were moni- 
tored at 15-second intervals. Minute oxygen con- 
sumption at ventilatory anaerobic threshold was de- 
termined using the ventilatory equivalents of oxygen 


TABLE I Population Data 


Age (yr) Years Anatomic Pacing 
& Sex PO DX DX 





Pt. No. Pacing Site 





l 16M 15 VSD CAVB Ventricle 
2 17M 16 D-TGA SND Atrium 
3 12M 12 Truncus IAVB Ventricle 
4 18F 3:5 ASD SND Atrium 
5 17M 3 D-TGA SND Ventricle 
6 6F 6.5 TA, PA CAVB Ventricle 
7 27F 12 Ebstein's CAVB Ventricle 
8 16M 14 D-TGA SND Ventricle 
9 14M 16 ASD SND Ventricle 
10 16M 16 Com atr. SND Ventricle 













ASD = atrial septal defect; CAVB = complete atrioventricular block; Com atr. = 
common atrium; D-TGA = D-transposition of the great arteries; DX = diagnosis; 
Ebstein's = Ebstein's anomaly; IAVB = intertmittent atrioventricular block; PA = 
pulmonary atresia; PO = postoperative repair of congenital heart disease; SND = sinus 
node disease; TA = tricuspid atresia; Truncus = truncus arteriosus; VSD = ventricular 
septal defect. 
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TABLE Il Exer>se Data 


VO2 at VAT 
(ml/kg/min) 


Change in Sys. 


%VAT Max. RER BP (mm Hg)* 


BP = blood pressuse; HR = heart rate; Max. = maximal; RER = respiratory exchange ratio; Sys. = systolic; VAT = ventilatory anaerobic threshold; % VAT = % maximal VO> at 
which VAT occurs; V@ = oxygen consumption; WR = work rate; % WR = percent predicted work rate for age, weight and sex. 


and ventilatory equivalents of carbon dioxide by stan- 
dard methods in patients in whom it could be mea- 
sured accurately.® 

Differences between the demand mode and activity 
modes were aralyzed using paired 2-tailed t tests. A p 
value 0.05 was considered significant. 

Data for exercise performance in each of the pac- 
ing modes are summarized in Table II. Maximal 
heart rate waz increased significantly in the rate-re- 
sponsive mod? compared with the fixed-rate mode 
(Table IT). Alt patients exhibited paced rhythm at rest 
while in the fixed-rate mode. With exercise, 2 patients 
developed sines rhythm and 5 patients developed ac- 
celerated junctional rhythms. During fixed rate pac- 
ing, 4 patients remained in paced rhythm throughout 
the exercise test with varying amounts of associated 
ventricular ec opic activity consisting of single com- 
plexes without ventricular tachycardia. 

All patient. in the rate-responsive setting remained 
in paced rhythm until near maximal exercise. Three 
patients developed either sinus or accelerated junc- 
tional rhythms at rates greater than 150 beats/min at 
maximal exercise. No patient developed ventricular 
ectopy with e=ercise during rate-responsive pacing. 

There was no significant difference in blood pres- 
sure response between the fixed and the rate-respon- 
sive mode. Work rate did tend to be higher in the rate- 
responsive mode but this did not reach statistical sig- 
nificance. Work rate was somewhat higher for both 





pacing modes than would be expected from oxygen 
consumption data (Table II). 

Minute oxygen consumption at maximal exercise 
was increased for the rate-responsive mode compared 
with the fixed rate (Table II). Maximal respiratory 
exchange ratio tended to be lower in the responsive 
mode but this was not significant. Ventilatory anaero- 
bic threshold could be accurately determined in 7 of 
10 in patients VVI/AAI and in 8 of 10 patients in 
VVI/AAI-R. Compared with the fixed rate, there was 
a 15% increase in the minute oxygen consumption at 
ventilatory anaerobic threshold for the rate-respon- 
sive mode (20 vs 17 ml/kg/min); this trend was not 
statistically significant. 

This study demonstrates a significant improvement in 
heart rate response to exercise with rate-responsive pac- 
ing in patients with postoperative congenital heart de- 
fects. Although some of these patients had maximal 
heart rates > 150 beats/min in the rate-responsive mode, 
none of these demonstrated a spontaneous rhythm until 
the pacemaker achieved its maximal rate response. This 
would suggest that the increase in heart rate in the rate- 
responsive mode is greater than the intrinsic rhythm at 
submaximal levels of exercise. This appears to be useful 
in suppressing ventricular ectopy. Suppression of this 
ectopy associated by increasing the paced rate may con- 
tribute to improved patient well being.’ 

The physical working capacity of the study group was 
within normal limits and unaffected by any pacing mode. 
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This is probably a reflection of how the exercise test was 
performed. All patients were encouraged to run as long 
as possible in order to assure a peak heart rate response. 

ey For this reason they held the treadmill support bar more 
than would otherwise be permitted. 

Although not statistically significant, the trend during 
rate-responsiveness to increase the minute oxygen con- 
sumption at which ventilatory anaerobic threshold oc- 
curred is potentially of greater clinical significance than 
the increase in maximal minute oxygen consumption. 
Work performed below the ventilatory anaerobic thresh- 
old is sustainable over a prolonged time. An increase in 
the minute oxygen consumption at which the ventilatory 
anaerobic threshold occurs would result in an improved 
long-term working capacity for these patients. 

Both in this study and previous reports of the use of 
single chamber rate-responsive pacemakers in patients 

+ with congenital heart defects, the populations have been 
small and heterogeneous. !? No one defect is represented 
by >2 or 3 patients. Although the data from this study 
show an overall improvement in aerobic capacity, the 
data do not allow any conclusion about individual de- 
fects. It is possible that many classes of congenital defects 
would not benefit from single chamber rate-responsive 
pacing, especially ventricular pacing. This may be partic- 
ularly true of patients with functional single ventricles in 
whom diastolic filling characteristics are important in 


determining ventricular function. It is unknown if these 
patients would benefit from the newer dual chamber 
rate-responsive pacing systems that permit continuous 
atrial contributions to diastolic filling. Much larger num- 
bers of patients will need to be evaluated before defects 
that will benefit the most from rate-responsive pacing 
can be identified. 
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H and L Ferritins in Myocardium in iron Overload 
Eloisa Arbustini, MD, Maurizia Grasso, ScD, Guido Rindi, MD, Paolo Arosio, PhD, Antonello Gavazzi, MD, 


erritin is an iron-containing protein composed of 

2 subunits (H and L) with largely different pri- 

mary structures and immunochemical proper- 
ties.! The normal L-subunit-rich, basic isoferritin is prev- 
alent in the liver and spleen, whereas the H-subunit-rich, 
acidic isoferritin predominates in the heart, pancreas and 
kidneys.? A variation in heart isoferritin was reported in 
iron-overloaded patients,” and the absence of the more 
acidic isoferritin was hypothesized to be specific for he- 
reditary hemochromatosis.* These observations prompt- 
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ed us to perform immunohistochemical investigations on 
H and L ferritins in endomyocardial biopsy samples of 
patients with primary or secondary iron overload, using 
monoclonal antibodies to H and L. This study attempted 
to assess the pattern of heart isoferritins and the factors 
influencing their occurrence in iron accumulation. 

We studied 13 patients with iron overload docu- 
mented by iron tests and liver biopsies performed at 
the Department of Internal Medicine of the University 
of Pavia from September 1985 to May 1988. Clinical 
data are summarized in Table I. Four patients had 
hereditary hemochromatosis. The remaining 9 pa- 
tients were affected by secondary hemosiderosis. Di- 
agnosis was based on clinical, biochemical and histo- 
logic data according to previously defined criteria. 
Serum iron concentration and total iron binding ca- 
pacity were assessed by standard techniques. Serum 
ferritin was determined by radioimmunoassay (Sorin, 
Italy). The degree of liver iron content was also as- 
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HLA-Typing 


A3,1;B18,35 
A1,32;B35,W41 
A2,9;B12,40 
A3,2;B15,35 
A1,9;B8,35 
A2,10;B5,15 
A2,9;B21,35 
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EMB = endomeeardial biopsy; H = H-subunit-rich basic isoferritin: Hgb = hemoglobin; HH = hereditary hemochromatosis; HLA = human leukocyte antigen; L = L-subunit-rich 
basic isoferritin; FZ = porphyria cutanea tarda; SA = sideroblastic anemia; TI = thalassemia intermedia; Transfer. = transferrin. 


sessed in liver biopsies, according to Scheuer et al.’ 
Human leukocyte antigens A and B were identified by 
the standara microlymphocytotoxicity test. 

The conirol group comprised 10 right ventricular 
endomyocardial biopsy specimens obtained immedi- 
ately before cardiac implantation from apparently 
healthy hearts. The donors were 9 men and 1 woman 
(mean age 23 + 9 years, range 14 to 39). Death was 
due to cerebral trauma in7 subjects and to cerebral 
hemorrhage in 3. Other controls included biopsies of 
10 patients with a diagnosis of dilated cardiomyopa- 
thy. The patients were all men (mean age 36 years, 
range 25 to 42). 

Endomyecardial biopsy was performed in the 
right ventricle (apical septum) using a percutaneous 
right interne! jugular vein approach. Five to 8 myo- 
cardial samptes were obtained from each patient, us- 
ing the Caves-Schultz bioptome. Biopsy specimens 
were fixed in 10% buffered formalin, routinely pro- 
cessed for light microscopic study and embedded in a 
single parafin block. The sections were stained with 
hematoxylin and eosin and Masson's trichrome for 
conventional morphology. Perls’ method was also 
used for iran grading. The iron score results have 
already beer reported in detail elsewhere.’ Fully in- 
formed and written consent for endomyocardial biop- 
sy was obtawmed from all patients. 

The 2 monoclonal antibodies used have been previ- 
ously described. The 2A4 antibody was elicited by 
human heart ferritin and is specific for the H subunit. 
The LFO3 antibody was elicited by human liver ferri- 
tin and is specific for the L subunit.! Sections were 
deparaffinized and brought to triphosphate-buffered 
saline solutica(0.15 M, pH 7.35). Endogenous perox- 
idase activity was blocked with 3% peroxide. The 
sections were pretreated with 0.003% Subtilisin na- 


1234 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 





garase (protease, type XXVII, Sigma Chemicals, 
Poole, United Kingdom) for 15 minutes’ and then 
incubated overnight with antibodies diluted 1:500. 
Immunohistochemical staining was performed using 
streptavidin-biotinylated peroxidase (SABC, Amer- 
sham International, United Kingdom)? Specificity 
tests were performed by absorption of each antiserum 
with the homologous antigen (10 nmol/ml), and omis- 
sion of the first layer.!° 

Ten of 13 cases studied had either H or L immuno- 
reactivity that was not present in any of the control 
subjects. The immunoreaction product was brownish 
black in color, granular and intrasarcoplasmatic 
(Figure 1A). No biopsy presented >50% of myocytes 
containing immunoreactive material (Figure 1B) that 
was either associated (Figure 1 A) or not (Figure 1C) 
with lucent hemosiderin granules. Eight cases were 
positive for both Perls’ iron stain and H or L ferri- 
tin immunoreaction. Two cases with negative Perls’ 
stains were positive for H or L subunits (Table 1). The 
remaining 3 cases were negative for both Perls’ and 
antiferritin antibodies. Four of the 10 cases that were 
positive had anti-H and 5 anti-L immunoreactivity, 
whereas 1 had both anti-H and anti-L reactivity. 
Anti-H or anti-L reactivity in the heart was not corre- 
lated to serum ferritin values, liver iron grade or myo- 
cardial iron grade. However, all cases with anti-H or 
anti-L immunoreactivity, or positive Perls’ stain, or 
both, had serum ferritin >1,000 mg/liter. One case 
with a 1,480 mg/liter serum ferritin level did not show 
immunoreactivity or Perls’ stain on endomyocardial 
biopsy (no. 8). Pure anti-L reactivity was found in the 
4 patients with hereditary hemochromatosis, and in 1 
with refractory anemia and human leukocyte antigen 
A3 expression. Human leukocyte antigen-typing re- 
sults are summarized in Table I. 
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Immunoreactivity with antiferritin subunit mono- 
clonal antibodies was demonstrated in 10 of 13 patients 
with different types of iron overload, whereas it was not 
present in any control subject. The negative immuno- 
reaction in our control biopsies indicates that ferritin is 
not detectable by immunohistochemical methods in nor- 
mal myocytes, which suggests that these methods are not 
as sensitive as biochemical ones.” On the contrary, in the 
hearts of iron-overloaded patients, ferritin is revealed by 
specific antibody even when iron is not yet detectable by 
the Prussian blue method. Therefore, the myocardium of 
patients with iron overload has higher ferritin concentra- 
tions than that of control subjects, or a different ferritin 
molecule aggregation in the hemosiderin moiety causing 
different antigen exposure. In any case, immunohisto- 
chemical detection of ferritin could be an early marker of 
iron overload in the heart. Further studies on larger series 
are needed to assess the diagnostic value of this method. 

The in vivo study of heart isoferritins furnishes a 
unique opportunity to investigate the possible isoferritin 
switch in hemochromatosis. In fact, ferritin is present in 
the normal heart in its acidic form, consisting of a high 
proportion of H subunits. Heart isoferritins varied in our 
iron-overloaded patients; they were basic in 5, acidic in 4, 
and both H and L subunits were present in 1. The switch 
from the acidic to the basic ferritin in the heart was not 
the result of different degrees of iron accumulation in the 
body or heart. In fact, serum ferritin and liver and myo- 
cardial iron grades were unrelated to L reactivity in the 
heart. Control tests, using primary antibody immunoab- 
sorption and omission, assured specificity of the reaction, 
and antibody specificity for H or L ferritins has been 
previously demonstrated in vitro.'! Limits of the present 
study include: (1) the small amount of tissue available 
from biopsies impeding immunoblotting studies; and (2) 
the small number of patients with iron overload that can 
undergo biopsy. Other tissues available for immunohisto- 
chemical study, such as liver biopsy specimens, are not 
helpful, because L ferritin is normally present in the liver. 
However, studying organs in which ferritin is normally 
acidic can be helpful. 

Basic isoferritin in the myocardium is a marker for 
hereditary hemochromatosis and secondary iron over- 
load associated with hemochromatosis allele.* In fact, in 
our cases, L immunoreactivity was strictly associated 
with hereditary hemochromatosis and with secondary 
iron overload with a positive human leukocyte antigen 
typing for A3 hemochromatosis allele. Human leukocyte 
antigen A3 is a nonobligatory marker of the hemochro- 
matosis allele present in approximately half of cases 
heterozygotic for hereditary haemochromatosis. Why 
this gene was expressed in | of our patients with refracto- 
ry anemia remains unexplained. 


The results of our study confirm Powell et al’s? obser- 
vation of a specific heart isoferritin pattern in hereditary 
hemochromatosis, using gel electrofocusing. Bomford et 
al? also demonstrated a variation in the isoferritin profile 





mosiderin moiety of heavily iron-overloaded myocites. B, case 
no. 5 (thalassemia intermedia) (original magnification < 70). 
Anti-H ferritin immunoreactive granular material localized 
roughly in 50% of myocytes. C, case no. 8 (congenital sider- 
oblastic anemia) (original magnification X 450; all reduced by 
23%). Immunoreactivity for anti-H ferritin antibody. Immuno- 
reactive granular material (arrow) is localized far from lucent 
hemosiderin granules (asterisks). 
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and subunit »mposition, but in their study, this finding 
was present m either normal or iron-loaded hearts, with- 
out specific bunit composition in patients with heredi- 
tary hemocksematosis. The isoferritin profile was also 
investigated m other tissues from patients with hereditary 
hemochrometesis. Abnormal basic ferritin content in the 
duodenal mucosa was reported by Fracanzani et al.!! 
They showec that duodenal epithelial cells of the large 
majority of patients with hereditary hemochromatosis do 
not have fer-tin. Wittaker et al!? revealed a mucosal 
ferritin defictmcy relative to a marked increase in serum 
in ferritin, bu=the H:L ratio was similar to normal values. 
Therefore, studies using the same methods and tissues 
are needed for further clarification. 

Finally, tæ relation between isoferritin profile and 
major histocampatibility complex phenotype is especially 
important bemuse human leukocyte antigen phenotype 
has been reparted to influence isoferritin behavior.!3 In 
vitro studies wave shown that H secretion by human 
mononuclear cells is distinctly low in human leukocyte 
antigen A3 denors, although they have no signs of hered- 
itary hemoch=>matosis.!4 H and L subunits are encoded 
by genes belonging to 2 different multigene families. 15-16 
Interestingly, 4 locus is present in chromosome 6!7:!8 at 
a region whe= the putative hemochromatosis gene has 
been assignec |? 

The genet eally related switch from H to L subunit in 
hereditary hemochromatosis may play a pathogenetic 
role in the mechanism of iron accumulation in these 
patients. In fact, the H chain has a faster ferro-oxidase 
activity and is more active than the L chain in in vitro 
iron incorporacion.”° Therefore, the L chain could have 
greater implications for long-term iron storage, whereas 
the H chain na ght be specialized in cellular iron detoxifi- 
cation and faster metabolic exchanges. 
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Noninvasive Assessment by Pulsed Doppler Ultrasound of Left 
Ventricular Filling Behavior in Long Distance Runners During 


Marathon Race 


Thomas V. Stork, MD, Martin Möckel, MD, Hermann Eichstädt, MD, Reinhold M. Müller, MSc, 


and Hans Hochrein, MD 


ing include an increase in left ventricular (LV) 

mass and mass index. !? Although a significantly 
impaired LV diastolic function is known for pathologic 
hypertrophy,** LV filling behavior appears unchanged 
in athletes with exercise-induced hypertrophy as has 
been demonstrated using M-mode and Doppler!°’ 
echocardiography or radionuclide scintigraphy.* Pulsed 
Doppler echocardiography of mitral flow has been shown 
to be a reliable method of assessing LV diastolic filling in 
healthy*?:!° and pathologic?!! states. This method has 
been validated compared with both cineangiographic!? 
and radionuclide!3 techniques. We aimed at noninvasive- 
ly evaluating LV filling behavior in long-distance runners 
at rest and during a marathon race. 

The study group consisted of 44 men(Table I). A 
group of 21 untrained subjects aged 32 + 5 years 
(range 23 to 42) served as a control (group I). The 
marathon runners were divided into 2 subgroups on 
the basis of their training level: 12 amateur endurance 
athletes (group II) aged 34 + 5 years (range 26 to 41) 
running 60 + 10 km/week, and 11 ultraendurance 
athletes (group III) aged 32 + 7 years (range 22 to 43) 
years running 120 + 11 km/week for =2 years (Table 
I). All subjects had a normal electrocardiogram, nor- 
mal physical examination and no evidence for heart 
disease on 2-dimensional and Doppler echocardio- 
graphic examination. 

At rest, baseline characteristics for LV structure 
and systolic and diastolic function were assessed for 
all groups. To examine LV diastolic function during 
exercise the 21 endurance athletes (groups II and III) 
performed a marathon race: The amateur endurance 
athletes (group II) run the marathon distance of 42 
km in 4 hours, corresponding to a 1,000 m time of 5 
minutes and 40 seconds; the ultraendurance athletes 
(group III) needed only 3 hours for the 42 km, corre- 
sponding to a 1,000 m time of 4 minutes and 15 
seconds. LV filling parameters, heart rate and the 
rate-pressure product of heart rate and systolic blood 
pressure were recorded before, during the marathon 


F he cardiovascular responses to endurance train- 
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race at 1, 10.5, 21, 31.5 and 42 km, and in the period 
after exercise. 

We used a phased-array, 2-dimensional Doppler 
echocardiograph (Toshiba SSH 60A) with an incor- 
porated pulsed Doppler flow meter (2, 5 MHz trans- 
ducer). The size of the Doppler sample volume was set 
at an axial length of 3 mm. A low-velocity reject filter 
of 400 Hz was used. For quantitative assessment of 
LV diastolic function the values of 5 consecutive cy- 
cles were averaged. The athletes were examined in a 
standing position after a short rest of 60 to 90 seconds. 
All echocardiographic measurements were performed 








TABLE I Subjects’ Characteristics, Training Situation and 
Baseline Values for Left Ventricular Structure and Systolic 
Function 


Marathon Runners 
























Untrained Amateur Ultra 


Control Endurance Endurance 

Subjects Athletes Athletes 

(group |; (group II; (group III; 
Parameter n= 21) n= 12) n= 11) 











Clinical characteristics 
Age (years) 33 34 32 
(28/37) (29/37) (28/37) 


Body surface area (m°) 1.8 1.9 1.9 
(1.6/2.0) (1.7/2.1) (1.7/2.1) 
Heart rate (min~+) 68 60* 56* 
(59/76) (54/72) (49/69) 
Mean arterial blood 95 93 94 
pressure (mm Hg) (88/99) (88/99) (88/100) 
Training situation 
Training level (km/ —/- 60 120** 
week) (51/72) (106/141) 
Personal marathon —/- 218 ya2"* 
record (min) (203/231) (142/161) 
















Left ventricular measurements 







Septal thickness (mm) 7.6 9.14 9.24 
(6.4/8.8) (7.3/11.0) (7.5/11.2) 
Posterior wall thickness Fe 9.9t 10.54 
(mm) (6.2/8.5) (7.5/11.1)  (7.9/12.0) 
End-diastolic chamber 50 52s 55ł 
dimension (mm) (47/53) (48/54) (51/59) 
Left ventricular mass 129 210ł 225t§ 
(g) (105/162) (168/253) (179/267) 
Left ventricular mass 68 1104 118t§ 
index (g/m?) (57/79) (87/135) (93/142) 
Stroke volume index 39 44t 50ł|| 
(ml/m?) (32/44) (38/49) (43/55) 











*p <0.05; tp <0.01; tp <0.001 versus group | (Wilcoxon). 
§p <0.05; |lp <0.01; **p <0.001 versus group I! (Wilcoxon). 
Data are expressed as median and 25%/75% percentiles. 
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FIGURE 1. Method of assessing mitral flow. Upper left panel, 
an apical 4-chamber view is shown with the sample volume (2 
horizontal lines) positioned in the mitral anulus plane, and bi- 


by early passive (E wave) and late atrial-induced (A wave) mi- 
tral flow is dispiayed. Lower panel, a mitral flow profile with 
various characteristics measured. A = A wave (late mitral 
fiow); AD = A-wave duration; AT = acceleration time; DT = de- 
celeration tims; E = E wave (early mitral flow); ECG = electro- 

; ED = E-wave duration; LA = left atrium; LV = left 
ventricle; PAV = peak atrial velocity; PEV = peak early veloci- 
ty; RA = right atrium; RV = right ventricle. 


Left Ventricular Filling Dynamics 
During Marathon Competition 
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by 2 independent observers unaware of the subjects’ 
group assignment. LV chamber and wall dimensions 
were measured according to standard methods.!* LV 
mass was calculated using the following formula: 
LV mass = 832 X 1076 X (LVTDd? — LVIDd?) + 0.6 
g, where LVTDd is the total and LVIDd the internal 
LV diameter at end-diastole.'!? Stroke volume was 
derived in the LV outflow tract and calculated by 
multiplying velocity-time integral (stroke distance in 
mm) by flow area (in mm7?).!° Using the apical 4- 
chamber view, mitral pulsed Doppler spectra were 
derived with the Doppler beam aligned perpendicular 
or nearly perpendicular to the plane of the mitral 
anulus (Figure 1, upper left panel). The Doppler sam- 
ple volume was positioned exactly in the midregion of 
the mitral anulus (Figure 1, upper left panel). Mitral 
pulsed Doppler spectra were recorded at a paper 
speed of 50 mm/s together with the electrocardiogram 
(Figure 1, upper right panel). The typical flow veloci- 
ty profiles were characterized by early passive (E 
wave) and late atrial-induced (A wave) diastolic in- 
flow (Figure 1, upper right panel and lower panel). 
Doppler measurements included: early and atrial 
peak velocities, E- and A-wave durations and veloci- 
ty-time integrals of E and A wave, the corresponding 
E/A ratios and the atrial filling fraction defined as the 
percent share of atrial contribution to LV filling (Fig- 
ure l, lower panel). The flow integrals were calculated 
by multiplying early and atrial peak velocities by E- 
and A-wave durations (Figure 1) and dividing the 
result by 2. For all Doppler measurements the mid- 
portion of the flow velocity curve was taken (Figure 1, 
upper right panel). Because of the short resting period 
before each Doppler measurement (60 to 90 seconds), 
heart rate did not exceed 110 beats/min, and consecu- 


FIGURE 2. Left ventricular 
during marathon 
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TABLE II Changes of Left Ventricular Filling Parameters, Heart Rate and Rate-Pressure Product During Marathon Competition 


E-Wave E/A Ratio of E/A Ratio of 
Velocity (cm/s) Peak Velocities Flow Integrals 


Atrial Filling 
Fraction (%) 


Rate-Pressure 
Product (- 103) 


Heart Rate 


Amateur Ultra 
Endurance Endurance 
Athletes Athletes 
(Group II) (Group III) 


Amateur 
Endurance 
Athletes 
(Group II) 


Amateur 
Endurance 
Athletes 
(Group II) 


Endurance 
Athletes 
(Group III) 


Endurance 
Athletes 
(Group III) 


Endurance 
Athletes 
(Group III) 


Endurance 
Athletes 
(Group ll) 


Endurance 
Athletes 
(Group III) 


Endurance 
Athletes 
(Group II) 


Endurance 
Athletes 
(Group III) 


Endurance 
Athletes 
(Group II) 


Baseline 
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At rest 


10.5 km 


21 km 


31.5 km 


42 km 


10 min 
Post EX 
30 min 
Post EX 
60 min 
Post EX 


53 
(49/58) 


During competition 


53 
(49/57) 
52 
(49/56) 
53 
(49/57) 
454 
(40/49) 


Postexercise period 


50t 
(47/55) 
51 
(48/54) 
53 
(49/58) 


54 
(49/59) 


53 
(49/58) 
54 
(50/57) 
53 
(49/57) 
54** 
(51/59) 


54§ 
(50/58) 
54§ 
(50/59) 
54 
(50/60) 


1.7 
(1.5/1.9) 


1.7 
(1.4/1.9) 
Le 
(1.5/1.9) 
1? 
(1.5/1.9) 
1.2 
(1.0/1.5) 


1.5t 
(1.2/1.7) 
ied 
(1.2/1.7) 
EZ? 
(1.5/1.9) 


1.8 
(1.4/2.2) 


1.7 
(1.5/1.9) 
Lak 
(1.5/1.9) 
er 
(1.5/1.9) 
1.8** 
(1.5/2.0) 


1.8| 
(1.5/2.0) 
1.8| 
(1.5/2.0) 
1.8 
(1.6/2.0) 


2.6 
(2.1/3.3) 


2.6 
(2.4/2.8) 
2.6 
(2.4/2.8) 
2.6 
(2.4/2.8) 
1.34 
(1.1/1.6) 


1.67 
(1.3/1.8) 
1.6 
(1.3/1.8) 
2.64 
(2.4/2.8) 


2.6 
(2.4/3.1) 


2.6 
(2.4/2.7) 
2.5 
(2.4/2.8) 
2.6 
(2.4/2.8) 
2.8** 
(2.4/3.0) 


20s% 
(2.4/2.8) 
Pae ia 
(2.4/2.8) 
2.6 
(2.4/2.8) 


27 
(26/29) 


28 
(26/29) 
28 
(26/29) 
28 
(26/29) 
42ł 
(38/47) 


38t 
(35/42) 
37 
(35/42) 
28ł 
(25/30) 


28 
(21/31) 


28 
(25/29) 
28 
(26/29) 
28 
(26/29) 
26** 
(25/29) 


28** 
(25/29) 
27** 
(25/29) 
28 
(24/29) 


60 
(54/72) 


924 
(85/100) 
93 
(84/101) 
92 
(83/100) 
97* 
(87/105) 


85t 
(78/92) 
62ł 
(57/69) 
61 
(55/68) 


56 
(50/73) 


90ł 
(84/97) 
91 
(85/98) 
91 
(85/99) 
95" 
(89/102) 


82t 
(74/90) 
584 
(51/67) 
55 
(49/61) 


9 
(7/11) 


144 
(12/16) 
14 
(12/16) 
14 
(12/16) 
17* 
(13/20) 


134 
(11/15) 
10* 
(8/12) 
9 
(7/11) 


9 
(7/11) 


144 
(12/16) 
14 
(12/16) 
14 
(12/16) 
16* 
(13/19) 


124 
(10/15) 
g* 
(7/12) 
8 
(6/11) 


*p <0.05; tp <0.01; tp <0.001 versus preceding measurement (Wilcoxon). 
§p <0.05; |p <0.01; **p <0.001 versus amateur athletes (Wilcoxon). 

Data are expressed as median and 25%/75% percentiles. 

EX = exercise. 








tively no merging of the early (E wave) and late (A 
wave) diastolic flow velocity curves was observed. 
Data are expressed as median and 25%/75% per- 
centiles. Siznificant differences of the various param- 
eters between the 3 study groups were calculated using 
the unpaired Wilcoxon test (Figure 2, Tables I and 
IT). Changes during the marathon race were computed 
by the 1-sided paired Wilcoxon test (Table IT). Corre- 
lations between age, heart rate, diastolic time inter- 
vals, LV mass, LV mass index and blood pressure with 
LV filling parameters were assessed using linear re- 
gression aaalysis (Pearson) as well as multivariate 
analysis of variance. Intraclass correlation analysis 
was applied for assessing interobserver variability. 
The 3 study groups showed almost identical clini- 
cal characteristics with regard to age, body surface 
area and bwod pressure (Table I). Only heart rate was 
slightly lower in amateur athletes (group II, 60 beats/ 
min) and in ultraendurance athletes (group IIT, 56 
beats/min) compared with the untrained control sub- 
jects (group I, 68 beats/min, p <0.05) (Table I). 
By definition, training level was higher in top class 
athletes (group III, 120 km/week) than in amateur 
athletes (group II, 60 km/week, p <0.01) (Table I). 
End-diastolic LV chamber dimension and LV 
mass were significantly higher in group II runners (52 
mm and 2i0 g) and group III runners (55 mm and 225 
g) compared with untrained subjects (group I, 49 mm 
and 128 g p <0.01 each) (Table I). Stroke volume 
index was also increased in the athletes at 44 ml/m? 


AMATEUR ENDURANCE ATHLETE 









60 MINUTES 


POST EXE-RCISI 


TOP CLASS ATHLETE 


FIGURE 3. Original Doppler recordings of mitral flow in an 
amateur athlete (group Il, upper panel) and in a top-class ath- 
lete (group Hl, lower panel) at rest, at 42 km and 60 minutes 
after marathen race. Doppler flow curves indicate a shift of 
mitral flow teward late diastole in the amateur athlete (group 
il) at 42 km, whereas in the top athlete (group Ill), no signifi- 
cant changes can be observed. E = E wave; A = A wave. 
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(group II) and 50 ml/m? (group IIT) compared with 
group I at 39 ml/m? (p <0.01 each) (Table I). 

Despite the increased cardiac size and muscle 
mass (Table I) the long distance runners presented 
normal values for LV filling at rest, with an atrial 
filling fraction of 27% (group II) and 28% (group III), 
respectively (Figures 2 and 3, Table II). During the 
marathon race this situation remained unchanged un- 
til 31.5 km, with an atrial filling fraction of 28% in 
both runners groups (Figure 2, Table II). At the end of 
the race, atrial filling fraction increased to 42% (p 
<0.001) in amateur athletes (group II) and remained 
significantly elevated at 37% 30 minutes after exercise 
(p <0.01) (Figure 2, Table IT). Only 60 minutes after 
exercise atrial filling fraction returned to baseline val- 
ues in group II (Figure 2, Table IT). In contrast, atrial 
contribution to LV filling remained unchanged in 
group III (top athletes) at 42 km (26%) as well as 
during the period after the race (28%) (Figure 2, Ta- 
ble II). Figure 3 shows original Doppler tracings at 
different levels of exercise. 

Neither age, heart rate, blood pressure, LV mass, 
LV mass index, nor total diastolic filling period corre- 
lated with early or atrial peak velocities, early or 
atrial velocity-time integrals, the E/A ratio of peak 
velocities or flow integrals or atrial filling fraction at 
rest, during the race or the period after exercise ( Pear- 
son and analysis of variance, r <0.05 each). 

Concordance between 2 independent observers with 
respect to all parameters measured was expressed by 
an intraclass correlation coefficient RI >0.93 at rest, 
RI >0.89 during exercise and RI >0.90 in the period 
after the race (p <0.001 each). 

This study shows that despite significant LV hyper- 
trophy, LV filling is normal in long-distance runners at 
rest, and that in contrast to top class athletes there is a 
shift of mitral blood flow from early to late diastole in less 
trained amateur athletes during a marathon. In agree- 
ment with previous studies, endurance trained athletes 
(groups II and III) had higher values for LV chamber 
dimension, LV mass, LV mass index and stroke volume 
index when compared with normal subjects (group I, 
Table I).! No relevant differences in hemodynamics 
were found between the 2 groups of athletes (groups II 
and III, Table I). 

At rest all endurance-trained athletes (groups II and 
III) had normal LV filling with regard to the E/A ratios 
of peak velocities and flow integrals as well as atrial 
filling fraction (Table II). These findings correspond to 
previous publications reporting on normal and supernor- 
mal LV filling dynamics in long distance runners with 
physiologic LV hypertrophy at rest by means of radionu- 
clide,8 computer-aided M-mode° and pulsed Dopp- 
ler!:2.6.9 echocardiographic procedures. In contrast, in 
pathologic LV hypertrophy (such as in hypertensive 
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heart disease, hypertrophic obstructive cardiomyopathy 
and aortic stenosis*) a shift of mitral blood flow from 
early (E wave) to late (A wave) diastole has been ob- 
served. 

During the marathon race we observed a significant 
increase in atrial filling fraction in the less trained ath- 
letes (group II) at 42 km, lasting until 30 minutes after 
exercise (Figures 2 and 3, Table II). This phenomenon 
has already been described for untrained healthy subjects 
and coronary patients during bicycle exercise.’ The shift 
of mitral blood flow toward late diastole reflects an im- 
pairment of the energy-consuming process of early dia- 
stolic relaxation and suggests an imbalance of oxygen 
demand and supply in the myocytes.!’-!? The same phe- 
nomenon is known to occur in patients with coronary 
heart disease®:!! and in the healthy elderly.?° In top ath- 
letes (group III) atrial contribution to LV filling did not 
change either during the marathon race or in the postex- 
ercise period (Figure 2, Table II). 

No significant differences between amateur (group 
II) and top class (group III) runners with respect to heart 
rate were found at each point of measurement (Table IT). 
The very poor correlation between heart rate and filling 
parameters suggests that the increase in atrial filling 
fraction in group II is independent of heart rate. 

The increase of atrial contribution in less trained run- 
ners during the marathon race may correspond to an 
impairment of the energy-consuming process of early 
diastolic relaxation, possibly due to inadequate training. 
In top-class athletes these changes were not seen. Thus, 
the findings of the study are of clinical significance with 
regard to the evaluation of the training level and the 
cardiac adaptation to extreme physical exercise of long- 
distance runners. 


Acknowledgment: We thank Helmut Kticherer, MD, 
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Bayes’ Theorem and the Echocardiographic Diagnosis of Cardiac 


Tamponade 


Mark J. Eisenberg, MD, MPH, and Nelson B. Schiller, MD 


diagnosis when made on clinical grounds alone, 

many cardiologists depend on echocardiography 
as a noninvasive aid to diagnosis. Echocardiographic 
signs such as right ventricular collapse, right atrial col- 
lapse and irferior vena cava plethora with blunted re- 
sponse to respiration have been identified as findings 
suggestive of tamponade,!~® and each has been reported 
to have high sensitivities, specificities and predictive val- 
ues (Table 1). 

However, although sensitivities and specificities of 
these signs are high, in some situations, their predictive 
values may Je poor. Although sensitivity and specificity 
are inherent characteristics of a diagnostic test, predictive 
values vary depending on the prevalence of disease in the 
population (pretest probability of disease). Consequent- 
ly, even if a test has a high sensitivity and specificity, if 
the patient’s pretest likelihood of having the disease is 
low, the positive predictive value of the test will be low. 

Most previous studies that documented sensitivities 
and specific:ties for the echocardiographic signs of tam- 
ponade were performed in high-risk patients. These stud- 
ies only included patients with moderate or large effu- 
sions, and many examined selected groups in which a 
large proportion of the patients had tamponade. Thus, 
previously reported predictive values are likely to be ac- 


B ecause cardiac tamponade can be an equivocal 
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curate for high-risk patients but may be overestimated 
for the low-risk patients who are seen much more often. 

We recently examined a cohort of all patients with 
echocardiographically documented pericardial effusions 
who were seen over a 1-year period at our institution. In 
our experience, only 5% of patients were found to have 
cardiac tamponade at the time of their echocardiograms, 
yet a much larger number of patients demonstrated 
echocardiographic signs usually associated with tampon- 
ade. Thus, we decided to estimate the predictive values of 
echocardiographic signs in high- and low-risk patients. 
Published values for sensitivities and specificities were 
used, and the pretest probability of tamponade was var- 
ied in order to generate predictive values. 

Bayes’ Theorem was used to estimate the predic- 
tive values of echocardiographic signs for the diagno- 
sis of cardiac tamponade. Upper and lower limits for 
sensitivities and specificities of right ventricular and 
right atrial collapse were taken from a review of pub- 
lished reports by Reydel and Spodick.? In their re- 
view, the authors critically examined all previously 
published studies and then reported probable ranges 
of sensitivities and specificities for these signs. Studies 
were excluded from their analysis if tamponade was 
not confirmed by equalization of pressures during 
cardiac catheterization. Values for the sensitivity and 
specificity of inferior vena cava plethora were taken 
from Himelman et al. This is the only study that 
examines inferior vena cava plethora as a sign of 
cardiac tamponade in a large group of patients. This 
study defined tamponade by either (1) cardiac cathe- 
terization data, or (2) a systolic blood pressure <100 
mm Hg that increased by =20 mm Hg after pericar- 
diocentesis. 


TABLE I| Reported Sensitivities, Specificities and Predictive Values of Echocardiographic Signs for Cardiac Tamponade (%) 


RV Collapse 
% with 


Tamponade Sens. Spec. 


*IVC data derived by using a cutoff for IVC collapse of < 50% with inspiration. 
TRV data detesmined from the 9 patients with tamponade. 
IVC data derived by assuming a cutoff for IVC collapse of < 20% with inspiration. 


RA Collapse IVC Plethora 


Sens. Spec. PPV NPV Sens. Spec. PPV NPV 


IVC = inferior vena cava plethora; NPV = negative predictive value; PPV = positive predictive value; RA = right atrium; RV = right ventricle; Sens. = sensitivity; Spec. = specificity. 
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TABLE Il Predictive Values of Echocardiographic Signs Using 
Intermediate Sensitivities and Specificities (%) 


Pretest Probability of Tamponade 


High (50%) 


Medium (10%) Low (1%) 


PPV NPV PPV NPV PPV NPV 


RV collapse* 88 78 


RA collapset 89 86 
IVC plethorat 62 93 
*75% sensitivity, 90% specificity. 
785% sensitivity, 90% specificity. 


t97% sensitivity, 40% specificity. 
Abbreviations as in Table |. 





We varied the pretest probability of disease be- 
tween I and 50%. Because little data are available 
regarding the probability of tamponade when various 
clinical findings are present, we estimated that tam- 
ponade is present in >50% of patients with pericardial 
effusions and clinical findings suggestive of tampon- 
ade (high-risk patients), and is present in <1% of 
patients who have effusions but no clinical findings 
suggestive of tamponade (low-risk patients). Three 
different situations were examined: (1) intermediate 
sensitivities and specificities, (2) upper ranges for 
these values, and (3) lower ranges for these values. 

Tables II and III list estimated predictive values 
for the 3 different sets of sensitivities and specificities. 
The “most likely situation” (Table II) was derived 
from sensitivities and specificities that were interme- 
diate to the upper and lower limits identified by Rey- 
del and Spodick.? In this case, the results show that 
echocardiographic signs are relatively reliable in 
high-risk patients. Positive predictive values for right 
ventricular and right atrial collapse are close to 90%, 
and negative predictive values are slightly less. As the 
pretest probability of tamponade declines, however, 
the positive predictive values decrease and the nega- 
tive predictive values increase. Thus, in low-risk pa- 
tients, the positive predictive value for each of the 
echocardiographic signs is <10%, whereas the nega- 
tive predictive value for each of these signs is >99%. 

The “best case scenario” assumes the upper limits 
of sensitivities and specificities (Table III). In this 
case, the pretest probability of disease has little effect 
on predictive values, and this result suggests that 
echocardiography is extremely reliable for diagnosing 
tamponade. Positive and negative predictive values 
were all 291% among the range of pretest probabili- 
ties studied. If this is in fact the case, then echocardi- 
ography is a nearly infallible tool for the diagnosis of 
tamponade. 

Finally, the “worst case scenario” assumes the 
lower limits of sensitivities and specificities (Table 





TABLE Ill Predictive Values of Echocardiographic Signs Using 
Upper and Lower Limits for Sensitivities and Specificities (%) 


Pretest Probability of Tamponade 


High (50%) Medium (10%) 


Low (1%) 


Best Case Scenario 


RV collapse* 100 100 100 >99 
RA collapset 100 bs 100 ies 100 100 


Worst Case Scenario 


RV collapset 


RA collapse§ 4 
*90% sensitivity, 100% specificity. 
t100% sensitivity, 100% specificity. 
+60% sensitivity, 80% specificity. 
§70% sensitivity, 80% specificity. 
Abbreviations as in Table |. 


xe S% : > 35 


ITI). In this case, right ventricular and right atrial 
collapse still perform reasonably well in high-risk 
patients. The presence of either of these signs correctly 
identifies three-fourths of patients with tamponade, 
and their absence correctly identifies two-thirds of 
patients without tamponade. However, as the pretest 
probability of tamponade declines, the positive pre- 
dictive values of these signs decrease to <5% while 
their negative predictive values increase to >99%. 
Thus, if this case holds, then the presence of either 
right ventricular or right atrial collapse in a low-risk 
population is virtually useless as a predictor of tam- 
ponade. 

This analysis demonstrates that although the sensitiv- 
ities and specificities of echocardiographic signs for car- 
diac tamponade are high, their predictive values vary 
depending on the population being studied. This feature 
is important because predictive values are the test char- 
acteristics that have the most meaning for the clinician. 
Positive predictive value is the likelihood that a condition 
is present if a test is positive, and negative predictive value 
is the likelihood that the condition is absent if the test is 
negative. In contrast, sensitivity is the proportion of pa- 
tients with a condition who have a positive test, whereas 
specificity is the proportion of patients without the condi- 
tion who have a negative test. Thus, to evaluate a positive 
or negative test result properly, predictive values are 
more useful than either sensitivity or specificity. 

In this analysis, predictive values were similar for 
both the most likely situation and the worst case scenario. 
In contrast, the best case scenario produced predictive 
values that were almost uniformly 100% and suggest that 
echocardiographic signs can almost always be depended 
upon for the diagnosis of tamponade. Since this is not 
what is observed clinically, we believe that the intermedi- 
ate values for sensitivity and specificity used in the most 
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likely situation most closely reflect the true values for 
these signs. 

If we asume that the most likely situation holds, we 
see that in a high-risk population, echocardiographic 
signs have relatively high positive and negative predictive 
values. In our analysis, the pretest probability of 50% 
increases tc close to 90% when right ventricular or right 
atrial collapse is present. In other words, patients with 
clinical findings suggestive of tamponade (e.g. pulsus 
paradox, tachycardia, hypotension) who demonstrate 
these echocardiographic signs almost always have tam- 
ponade. In addition, the absence of these echocardio- 
graphic sigas in high-risk patients makes tamponade un- 
likely. If these signs are absent, the probability of tam- 
ponade decreases from 50 to about 20%. Even so, the 
false-negat ve rate for right ventricular and right atrial 
collapse in tigh-risk patients is in the range of 11 to 12%, 
and the false-positive rate is in the range of 14 to 22%. 
Thus, although these signs provide valuable information, 
they are not infallible diagnostic tools, even in a high-risk 
population. 

In contrast, these same echocardiographic signs may 
be seen in low-risk patients who have a pretest probability 
of tamponede of <10%. Because the pretest probability 
is low, the vast majority of these findings are false posi- 
tives. Assuming the most likely situation, false positive 
rates for reht ventricular collapse, right atrial collapse 
and inferior vena cava plethora are in the range of 92 to 
98%. Fina ly, because cardiac tamponade is such an 
infrequent 2vent in these patients, the negative predictive 
values of these signs are uniformly high (>99%). Thus, 
the absence of these echocardiographic findings in a low- 
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risk population virtually rules out cardiac tamponade as a 
possibility. 
In conclusion, although sensitivities and specificities 


of these signs are quite good, their predictive values are 


highly dependent on the pretest likelihood of tamponade. 
Consequently, when evaluating echocardiographic signs 
in a patient with a pericardial effusion, they must not be 
interpreted in isolation, but rather, with knowledge of the 
patient’s underlying clinical status as well as other deter- 
minants of the patient’s pretest probability of cardiac 
tamponade. 
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Influence of Age, Body Size and Heart Rate on Left Ventricular 


Diastolic Indexes in Young Subjects 


Shannon M. Holmgren, Stanley J. Goldberg, MD, and Richard L. Donnerstein, MD 


surements have been proposed to assess diastolic 
function. !? Isovolumic relaxation time is closely 
correlated with early cardiac relaxation. Isovolumic re- 
laxation time increases as relaxation becomes abnormal 
and with aging. Deceleration time provides a measure of 
the end of relaxation and the beginning of the diastolic 
compliance phase. Shortening of deceleration time oc- 
curs with restriction to ventricular filling. We selected 
these 2 measurements for study because both are easily 
obtained from a Doppler mitral tracing. However, some 
echocardiographic indexes of systolic function are known 
to be influenced by heart rate, body size or age, or a 
combination of all 3.3-5 Our purpose in this study was to 
determine if isovolumic relaxation time and deceleration 
time are age-, heart rate- or body size—dependent in a 
pediatric and young adult group. 

The study group consisted of 31 normal, healthy 
subjects, ages 1 day to 21 years (mean + standard 
deviation[SD]9 + 5 years), with no evidence or histo- 
ry of heart disease. For each subject, age, height, 
weight and blood pressure were recorded and body 
surface area was calculated. Echocardiographic stud- 
ies were performed with a Hitachi CVC 151 echocar- 
diographic system (Hitachi Medical Inc., Tokyo, Ja- 
pan) operating at 2.5, 3.5 or 5 MHz. M-mode trac- 
ings, acquired from the parasternal short-axis plane, 
were used to measure systolic and diastolic left ven- 
tricular diameter and posterior wall thickness accord- 
ing to criteria of the American Society of Echocardi- 
ography. Pulsed-wave Doppler echocardiography 
was performed to obtain isovolumic relaxation and 
deceleration times from a sample volume located at 
the tips of the mitral leaflets. Deceleration time was 
determined as the interval from peak mitral velocity 
to extrapolated or actual baseline crossing. Isovolu- 
mic relaxation time was identified as the interval be- 
tween closure of the aortic valve and opening of the 
mitral valve as shown at commencement of mitral 
velocity (Figure 1). Aortic leaflet motion could be 
recorded simultaneously with the mitral velocity. 


Rs a number of echocardiographic mea- 
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Measurements were obtained at a video sweep speed 
of 100 mm/s using electronic calipers, and time reso- 
lution was 5 ms (new data sampling rate). The mean 
of =3 beats was reported for both isovolumic relaxa- 
tion and deceleration times. Heart rate was deter- 
mined for each isovolumic relaxation and decelera- 
tion time using the prior RR value of a simultaneous- 
ly recorded electrocardiographic tracing. Influence of 
age, height, weight, body surface area, blood pressure, 
heart rate and M-mode measurements on decelera- 
tion and isovolumic relaxation times was assessed 
using linear regression analysis. 

Isovolumic relaxation time ranged from 34 to 71 
ms (mean + SD 55 + 10), and deceleration time 
ranged from 48 to 139 ms (mean + SD 100 + 22). 
Isovolumic relaxation time correlated significantly 
with age (r=0.79, p= 0.0001), height (r = 0.72, 
p = 0.0001), body surface area (r = 0.70, p = 0.0001), 
weight (r = 0.66, p = 0.0001), left ventricular cavity 
dimension in diastole (r = 0.56, p = 0.0014) and sys- 
tolic blood pressure (r = 0.54, p = 0.0033). Decel- 
eration time correlated significantly with height (r 
= 0.67, p = 0.0001), body surface area (r= 0.66, 
p = 0.001), age (r = 0.64, p = 0.0001), weight (r = 
0.64, p = 0.0001) and left ventricular posterior wall 
thickness in systole and diastole (r = 0.63, p = 
0.0002; r = 0.60, p = 0.0005). Because many of the 
variables were interdependent, stepwise linear regres- 
sion analysis was then performed. Results revealed 
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FIGURE 1. Measurement method for isovolumic relaxation 
(IVRT) (left panel) and deceleration times (DT) (right panel) 
ona and labeled mitral velocity recording. lsovolumic 
relaxation time is recorded by lengthening the sample volume 
to include the aortic (Ao) valve motion in the Doppler range 
gate when the gate is centered on the left ventricular inflow 
tract. Deceleration time is measured as a time interval begin- 
ning with the E point and ending at the point where an extrap- 
olated or actual line of decelerating velocity crosses the zero 
velocity baseline. 
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FIGURE 2. Norvrzal left ventricular diastolic function in young subjects with respect to age and body surface area (BSA). Isovolu- 
mic relaxation time (IVRT) correlates most strongly with (A) age (r = 0.79, p <0.01) (isovolumic relaxation time = 1.31 - age + 
41.4), and also correlates well with (B) body surface area (r = 0.70, p <0.01) (isovolumic relaxation time = 14.3 - body surface 
area + 38.4). Deceleration time (DT) correlates most strongly with (D) body surface area (r = 0.66, p <0.01) (deceleration 

time = 27 - body surface area + 67.7), but also correlates well with (C) age (r = 0.64, p <0.01) (deceleration time = 2.3 - age + 
77.4 years). Nemmal values plus 2 standard errors of the estimate (SEE) above and below the mean are given for use in the clin- 


ical setting. 


that age was “he most important determining factor 
for isovolume relaxation time, whereas body surface 
area was the most important determining factor for 
deceleration iane. Figure 2 displays normal pediatric 
and young adult isovolumic relaxation and decelera- 
tion time values plotted against age and body surface 
area. 


IVRT (msec) 


70 80 
HEART RATE 


FIGURE 3. Hear rate does not correlate well with either (A) 
isovolumic relaxation time (IVRT) or (B) deceleration time (DT) 
when controlled »er age (r = 0.06 for both). 
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To further study possible heart rate influence 
on isovolumic relaxation and deceleration times, 
we evaluated isovolumic relaxation and deceleration 
times during spontaneous heart rate changes in the 
same subject. To eliminate the effect of age, this por- 
tion of the study was performed on 3 subjects of simi- 
lar age (21 to 22 years). In 2 subjects with minimal 
beat-to-beat variation, additional variation was in- 
duced by having the subject breathe 100% oxygen 
which increased the range of heart rate variation. 
Pulse oximetry was monitored and frequent blood 
pressure readings were recorded. In this group, nei- 
ther isovolumic relaxation nor deceleration time cor- 
related with heart rate (r = 0.06 for both) (Figure 3). 

This study reveals that throughout childhood and 
early adulthood, age is the most important factor affect- 
ing isovolumic relaxation time, whereas body surface 
area most strongly influences deceleration time. Al- 
though isovolumic relaxation time also significantly cor- 
related with height, weight, body surface area, systolic 
blood pressure, and left ventricular cavity dimension in 
diastole, these factors strongly correlated with age. Simi- 
larly, deceleration time also correlated well with factors 
also correlating with age. Multiple step regression analy- 
sis, which takes into account the interdependence of the 
variables, excluded many of these factors. 

Previous reports regarding the age range we studied 
have concentrated on patients with disease rather than 
normal variation of these diastolic indexes of heart rate or 
body size measurements. Most reports concerning isovo- 
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lumic relaxation and deceleration times used adult popu- 
lations for study. Appleton et al! obtained normal adult 
isovolumic relaxation time values for subjects aged < and 
>40 years, but did not study children. Data from Apple- 
ton et al for isovolumic relaxation time (69 + 12 ms) and 
deceleration time (199 + 32 ms) had higher mean values 
than those obtained in this study (55 + 10 and 100 + 22 
ms, respectively). Myreng and Nitter-Hauge? found a 
lesser positive correlation between isovolumic relaxation 
time and age for adults (r = 0.44). 

The main limitations of this study are (1) resolution 
of the time intervals, and (2) limits of variability of the 
heart rate studies. It is possible that higher correlations 
could have been found at the extremes of heart rates. 

Results of this study show that throughout childhood 
and early adulthood, age is the most important factor 


affecting isovolumic relaxation time, whereas body sur- 
face area most strongly influences deceleration time. 
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Comparison of Transesophageal and Transthoracic Contrast 
Echocardiography for Detection of a Patent Foramen Ovale 


Peter Siostrzonek, MD, Massoud Zangeneh, MD, Heinz Gdéssinger, MD, Wilfried Lang, MD, 
Georg Rosenmayr, Gottfried Heinz, MD, Andreas Stumpflen, MD, Karl Zeiler, MD, 


Martin Schwarz, MD, and Herbert Mésslacher, MD 


resence of a patent foramen ovale may indicate 
paradoxic embolism in patients with otherwise un- 
explained embolic disease.!~? Transthoracic con- 
trast echocardiography has been used as a simple tech- 
nique for detecting patent foramen ovale.*+- However, 
particularly in patients with poor transthoracic image 
quality, presence of a patent foramen ovale might be 
missed. Transesophageal contrast echocardiography pro- 
vides superior visualization of the atrial septum and 
therefore is believed to improve diagnostic accuracy. The 
present study investigates the influence of image quality 
on the detection of a patent foramen ovale by both trans- 
thoracic and transesophageal contrast echocardiography. 
The study population consisted of 150 consecutive 
patients (88 men, 62 women; mean age 52 + 16 years) 
who were referred for transesophageal echocardiog- 
raphy to our laboratory. Indications for transesopha- 
geal imaging were recent embolic events in 99 patients 
(66%), native or prosthetic valvular disease in 9 pa- 
tients (6%) and dilated cardiomyopathy in 24 patients 
(16%). Eighteen patients (12%) were studied to exam- 
ine patency of the foramen ovale before neurosurgery 
of the fossa posterior. 
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partment of Neurology, and Department of Neurosurgery, University 
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Transthoracic and transesophageal echocardiog- 
raphy were performed on the same day with a 
Vingmed CFM700 system using a 3.5 MHz and 5 
MHz transducer for transthoracic and transesopha- 
geal study, respectively. After obtaining optimal visu- 
alization of the atrial septum, a bolus of 2 to 5 ml of a 
hand-agitated 5.5% solution of oxypolygelatine (Ge- 
lifundol, Biotest-Pharma) was injected into a large 
cubital vein over an indwelling 18 gauge cannula. 
Subsequently, the appearence of contrast agent in the 
right atrium was monitored and recorded on video- 
tape. In each patient transthoracic and transesopha- 
geal contrast studies were performed during normal 
respiration and during the Valsalva maneuver. 

Contrast studies were interpreted by 2 experienced 
observers and judged as positive, negative or undeter- 
mined. Studies were judged positive if microbubbles 
appeared in the left atrium within 3 cardiac cycles of 
their appearence in the right atrium. In case of a 
questionable result contrast injections were repeated 
until consensus was obtained. Studies were judged 
undetermined if there was still disagreement between 
the 2 observers after a maximum of 5 repeated con- 
trast injections or if both examiners believed that the 
image quality was too poor for proper interpretation. 
Based on the ability to visualize the atrial septum 
during normal respiration and during the Valsalva 
maneuver quality of the thransthoracic and transe- 


BRIEF REPORTS 1247 


tis oi ae 





TABLE I Incicence of Positive, Negative and Undetermined 
Contrast Stud with Transthoracic and Transesophageal 
Contrast Echocardiography in 150 Patients 






Transesophageal Contrast 
Echocardiography 


Transthoracic Contrast 
=chocardiography 

























Valsalva 
Maneuver 


Normal 
Respiration 


Valsalva 
Maneuver 


“ormal 
espiration 















+ 7 (5%) 9 (6%) 18 (12%) 30 (20%) 
0 125 (83%) 119(79%) 132(88%) 120 (80%) 
Undetermined 18(12%) 22 (15%) 0 (0%) 0 (0%) 





+ = positive; 0 = 7egative. 


TABLE II Sersitivity, Specificity, Positive and Negative 
Predictive Value and Rate of Undetermined Studies with 
Respect to Trassthoracic Image Quality 


Positive Negative Unde- 
Transthoracic Sensitivity Specificity Predictive Predictive termined 
Value (%) Value (%) Study (%) 


Image Quality “S) (%) 


High (n = 50) 31 

Medium 35 
(n= 71) 

Low (n = 29) 7 





sophageal images was arbitrarily classified as high, 
medium or xw. 

Detection vates of a patent foramen ovale by trans- 
thoracic and ‘ransesophageal contrast echocardiogra- 
phy were cormmared by use of the McNemar test. The 
rate of undet=mined transthoracic and transesopha- 
geal studies was compared by chi-square analysis. A p 
value <0.05 as assumed to be statistically signi- 
ficant. 

The resul-s of transthoracic and transesophageal 
contrast echceardiography are listed in Table I. The 
overall detec.wn rate of a patent foramen ovale was 
significantly “igher with transesophageal (30 of 150 
patients [20% than with transthoracic imaging (9 of 
150 patients [9%]) (p <0.0001). All patients with posi- 
tive transtho-acic studies also had positive results 
with transesorhageal imaging. Transthoracic studies 
had to be classified as undetermined in 22 of 150 
patients (14.7%), whereas transesophageal studies 
were unequivzcal in all patients (p <0.0001). Of the 
30 patients »#th patent foramen ovale detected by 
transesophag=al contrast echocardiography, trans- 
thoracic stua@is were positive in only 9 (30%), but 
false-negative in 15 (50%) and undetermined in 6 
(20%). Of the 120 patients without patent foramen 
ovale, transt*racic studies were negative in 104 
(86.7%) and endetermined in 16 (13.3%). No false- 
positive findiazs occurred with transthoracic contrast 
echocardiogramhy. 

The quality of the transthoracic images was classi- 
fied as high, rædium and low in 33, 47 and 20% of the 
patients, respectively. In contrast, quality of the trans- 
esophageal irsages was interpreted as high, medium 
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and low in 78, 21 and 1% of the patients, respectively. 
Inall but I patient (1%), transesophageal image qual- 
ity was estimated as being superior (79 patients, 53%) 
or at least equal (70 patients, 47%) to that of the 
transthoracic images. 

As expected, sensitivity and specificity of transtho- 
racic contrast echocardiography for the detection ofa 
patent foramen ovale was lower in patients with low 
transthoracic image quality, whereas the number of 
undetermined studies increased (Table II). However, 
false-negative studies occurred irrespective of trans- 
thoracic image quality. Of note, the rate of false- 
negative studies was even highest in patients with high 
transthoracic image quality (Table II). 

Patency of the foramen ovale may give way to para- 
doxic embolism in patients with embolic disease of other- 
wise unexplained origin!-? and in patients undergoing 
neurosurgery of the fossa posterior in the sitting position. 
Transthoracic contrast echocardiography has been used 
frequently for noninvasive diagnosis of patent foramen 
ovale, but its diagnostic accuracy appeares limited, espe- 
cially in patients with poor transthoracic image quality. 
Provocation tests such as coughing or the Valsalva ma- 
neuver were applied to increase the sensitivity of trans- 
thoracic contrast echocardiography up to 80%.7:8 How- 
ever, owing to lung interference and limited patient coop- 
eration, these maneuvers face inherent limitations. In 
contrast, transesophageal echocardiography allows con- 
sistent high-resolution images of the atrial septum during 
rest and during various provocation maneuvers. There- 
fore it may be expected that the advantage of transe- 
sophageal over transthoracic contrast echocardiography 
mainly concerns patients with low transthoracic image 
quality and that no additional information is provided by 
transesophageal imaging in patients with high precordial 
image quality. If this held true, unnecessary transesopha- 
geal studies in patients with high transthoracic image 
quality could be avoided. This is important since side 
effects and complications may occur with transesophage- 
al echocardiography in rare instances.? 

The present results indicate that an unequivocal posi- 
tive transthoracic contrast study needs no further confir- 
mation by transesophageal imaging. This finding ap- 
pears unrelated to transthoracic image quality if strin- 
gent diagnostic criteria are used. However, irrespective of 
transthoracic image quality, a substantial number of 
false-negative transthoracic studies occurred. Therefore, 
in an eventual negative transthoracic contrast study, a 
patent foramen ovale cannot be excluded even in patients 
with high transthoracic image quality. 

It is concluded that transesophageal contrast echocar- 
diography is superior to transthoracic contrast echocardi- 
ography for detecting a patent foramen ovale regardless 
of precordial image quality. Because false-negative stud- 
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ies may occur even in patients with high transthoracic 
image quality, all patients with negative transthoracic 
findings should undergo transesophageal contrast echo- 
cardiography in search of a patent foramen ovale. 
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Cutting Balloon: A Novel Approach to Percutaneous Angioplasty 


Peter Barath, MD, PhD, Michael C. Fishbein, MD, Sandor Vari, MD, and James S. Forrester, MD 


alloon angioplasty typically injures the vessel wall 

by inducing irregular intimal tears, splits and 

stretches.! Proliferative response to this injury,’ 
and elastic recoil? after balloon angioplasty are implicat- 
ed as causes of restenosis end acute closure, respectively. 
We hypothesized that sharp and regular endovascular 
surgical incisions may enhance the success of angioplasty 
by limiting both injury and elastic recoil. We designed 
devices to make radially directed, longitudinal surgical 
cuts from the luminal surface deepening into the medial 
layer. In this study we used 1 of the possible designs 
(Figure 1). One to 4 cutting edges of 0.1 to 0.4 mm metal 
blades were mounted on the surface of balloon catheters 
parallel with the longitudinal axis of the balloon (cutting 
balloon). The aims of the study were to (1) determine the 
immediate morphology of incisions made with the cut- 
ting balloon; (2) determine the healing response to the 
endovascular incisions; and (3) compare angiographic 
results obtained with standard and cutting balloons. 
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this particular model 4 cutting edges were mounted on surface 
of 2.0 mm balloon catheter. 





We performed angioplasty in the normal peripher- 
al arteries of 18 farm pigs under general anesthesia 
with either standard or cutting balloon catheters. The 
animals were fully heparinized for 24 hours. The bal- 
loon catheters were delivered to the site of the inter- 
vention via a 9Fr multipurpose catheter through a 
carotid cut down. Balloon size 10% to 15% greater 
than the baseline angiographic vessel size was chosen 
for both standard and cutting balloon dilatations. The 
balloons were inflated with a pressure needed to reach 
the nominal angiographic diameters of the balloons. 
In acute experiments (n = 7) 7 femoral arteries were 
dilated on 1 side with the standard balloon, and on the 
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FIGURE 2. Overview of cross section of normal artery 4 hours 
after cutting with cutting device without dilatation. In this ex- 
ample we inflated the balloon but did not use enough pressure 
to reach nominal diameter of the balloon, which was 15% 
greater than original vessel diameter. Two incisions (arrows) 
are visible on the section extending into the medial layer. 
Edges of incisions are not separated. The rest of artery does 
not show any changes. Endothelial layer is preserved outside 
of incisions (<5). 
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TABLE | Occurrence of Histological Changes Four Hours After 
Angioplasty with Standard and Cutting Balloons in Normal Pig 
Arteries 

CB* (%) SB (%) 
Endothelial t2nudation 
IEL disruption 
Intimal tears > 50 U 
SMC stretch 
Corkscrew nuclei 
Cytoplasmic degeneration 


*0.1 mm outside zhe cutting edges. 


CB = cutting ballwen; IEL = 


internal elastic lamina; SB = standard balloon; SMC = 
smooth muscle cells 
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balloon. A, cross section of normal artery 4 hours after cut- 
ting and dilating with cutting balloon. In this case, balloon with 
1 cutting edge was used. Balloon was inflated once for 30 sec- 
onds. Balloon reached its nominal diameter with inflation pres- 
sure of 3.5 atm. Edges of incision (arrowheads) are widely 
separated. Base ef incision is flat and smooth. There are no 
intimal tears or medial stretches present (<5). B, higher mag- 
nification of lummal surface of incision. Base of incision is flat 
and smooth, anc covered with a thin layer of fibrin. Adjacent 
intimal surface is normal (x50). 
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other side with the cutting balloon. The animals were 
sacrificed 4 hours after the intervention. In the chronic 
experiments (n= 11), 20 arteries (iliac and distal) 
were dilated with standard and 23 with cutting bal- 
loon catheters. The animals were sacrificed 14 days 
after the intervention. In the chronic experiments an- 
giography was repeated immediately after dilatation, 
as well as 1, 2 and 4 hours, and 14 days after interven- 
tion. Serial histological sections were cut from paraf- 
fin-embedded tissue, and stained with hematoxylin 
and eosin. Figure 2 shows the effect of partial infla- 
tion of the cutting balloon 4 hours after intervention. 
Two sharp incisions extend into one to two thirds of 
the medial layer. The edges of the wound are in close 
apposition. Figures 3A and B show the effect of com- 
plete inflation of a cutting balloon. The edges of the 
wound are widely separated, forming a shallow dim- 

ple with flattened smooth muscle cells at the base. 


FIGURE 4. Rilect of angioplasty with cutiile holeen 14 days 
after dilatation: A, site of incision is recognizable as slightly el- 
evated region with crater (arrow) (x5). B, higher magnifica- 

is reendothelialized 


tion shows that surface of incision is . Defect 
is filled by proliferative smooth muscle cells. Internal elastic 
lamina ends at edges of cuts (arrowheads). The rest of artery 
is intact with no intimal proliferation. 
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Table I compares the histological changes seen 4 
hours after dilatation using standard and cutting bal- 
loon catheters. The frequency of histological indica- 
tors of the balloon dilatation-induced injury is lower 
after dilatation with the cutting than with the stan- 
dard balloon catheter. In chronic experiments, the site 
of the incision was recognizable as a broad, shallow 
crater. Figures 4A and B show that 14 days after 
intervention, the luminal surface of the cuts is endo- 
thelialized. The base of the wound is filled with 
smooth muscle cells. There is no inflammatory cell 
infiltration present. After angioplasty with the cutting 
balloon there was no intimal proliferation outside the 
cut area compared with an 8.7% proliferative area (as 
a percentage of the media) after angioplasty with the 
standard balloon. Figure 5 compares the angiograph- 
ic vessel diameter after dilatations with the standard 
and cutting balloons. The diameters immediately af- 
ter dilatation with the cutting and standard balloons 
were greater than the vessel sizes before angioplasty 
by 11 (standard error of the mean + 4) and 13% (+ 2), 
respectively. The diameter of the arteries after angio- 
plasty with the standard balloon decreased to 5% 
above the original diameter within 1 hour, and de- 
creased below baseline at sacrifice by 5%, whereas the 
vessel diameter remained 9% (standard error of the 
mean + 3) greater than the original diameter at that 
time after angioplasty with the cutting balloon. 

In this report we describe a new concept of angio- 
plasty based on the premise that sharp incisions repair 
with less scar formation and remain more circumscribed 
than wounds created by tears.4 We produced sharp, lon- 
gitudinal surgical incisions directed radially into the me- 
dia with our cutting balloon catheter. The histological 
damage outside the cut area was less after dilation with 
the cutting than with standard balloon. This study also 
demonstrated an excellent healing process with complete 
reendothelialization of the surface at 14 days without 


cutting balloons. The y axis shows per- 
centile changes of vessel size. The x 
axis shows time when measurements 


change of angiographic vessel size % 


actically 
the same, even at 14 days. N.S. = not 





intimal proliferation outside the cutting area in the arter- 
ies incised by the cutting balloon. 

There are several limitations of this study. There are a 
number of technical problems to be solved including size 
and flexibility of the device, and protection of the normal 
segment from the blades during catheter passage. To test 
the device in vessel diameters comparable with those in 
humans, we used the pig model in which balloon dilata- 
tion induces intimal hyperplasia, although to a lesser 
extent than in rodents. Our results do not necessarily 
mean that in the long-term there will be no intimal 
hyperplasia, although previous investigations in other 
models have shown that the total number of smooth 
muscle cells in the intima peaks at 2 weeks and remains 
relatively constant up to | year. We also are not able to 
predict whether localized hyperplasia at the incision site 
may develop at a later time. We used normal arteries for 
this in vivo study. Although the device proved to be 
effective in cutting human atheroma in cadaver arteries 
we cannot predict how such a device would cut atheroma 
in vivo. The result of exposing the atheroma contents to 
the flowing blood stream by an in vivo incision also 
remains to be determined. The data obtained after | type 
of balloon angioplasty (standard or cutting) from the 
different levels of the arterial tree were pooled. We inflat- 
ed the balloons to their nominal diameter; because of the 
cutting action of the device, the inflation pressure was less 
with the cutting than with the standard balloon. We also 
used 1 inflation with the cutting and 3 with the standard 
balloon catheter. Thus, although the angiographic out- 
come was similar, the stimulus to hyperplasia was not. 
Nevertheless, the clear distinction between the responses 
to angioplasty with the standard and cutting balloons, 
characterized by lack of proliferation after using the 
cutting balloon, appears to be consistent despite the 
many individual variations. 

The method described herein could have implications 
for angioplasty in humans. The potential advantages of 





post-dilatation 


cutting balloon n=: 23 
regular balloon n=: 20 


ee N.S. 
+ p<.01 
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combining cutting and dilation are that: (1) by cutting 
deeply into the medial layer restitution of the vascular 
tone is decreased, thereby decreasing dilatation time and 
pressure; (2) with the sharp, surgical incision, less medial 


smooth muscie cell stretch may induce less growth factor 


expression anc, thus, less intimal proliferation; and (3) 
the vascular :njury is localized to the incision site. 
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CASE REPORTS 


Strut Fracture and Embolization of a 
Bjork-Shiley Valve from the Tricuspid 


Valve Position 
Marc A. Silver, MD 


etween 1976 and 1986, ap- 
proximately 83,000 patients 
had heart valve replacement 
with the Bjérk-Shiley 60° C-C pros- 
thesis. A recognized complication of 
this prosthesis is strut fracture with 
embolization of the occluder disk.! 
This linearized frequency of this 
complication has been related to 
prosthetic size and date of manufac- 
ture. Whereas this complication is 
recognized for prostheses used in the 
mitral and aortic positions it has not 
yet been described in a prosthesis in 
the tricuspid position. The case de- 
scribed highlights such an occur- 
rence. 

A 39-year-old woman under- 
went repeat mitral valve replace- 
ment with a 29 mm Bjork-Shiley 
prosthesis and a tricuspid valve re- 
placement with a 33 mm Bjork- 
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Shiley prosthesis. A Starr-Ed- 
wards prosthesis was left in place 
in the aortic position. Approxi- 
mately 6 years later she developed 
severe, refractory right heart fail- 
ure. Comparison of lateral chest x- 
rays recorded 27 months apart 
showed the presence of a strut 
fracture of the tricuspid prosthesis 
and embolization of the occluder 
disc to the pulmonary artery (Fig- 
ure 1). Right-sided cardiac cathe- 














FIGURE 1. Chest radiographs taken 27 months apart demonstrating the strut 


terization revealed right ventricu- 
lar pressure of 59/2 mm Hg with 
an end-diastolic pressure of 32 mm 
Hg; mean right atrial pressure was 
34 mm Hg. The patient died dur- 
ing her third operation. 

This brief report highlights that 
strut fracture and embolization may 
occur in the tricuspid position and 
emphasizes the measures previously 
outlined for diagnosis and manage- 
ment of such patients. ! 
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fracture (arrowhead) and disc embolization (arrow) from the 33 mm Bjork-Shiley 


valve in the tricuspid position. 





Management of the Neonate with 
Transposition of the Great Arteries and 
Persistent Pulmonary Hypertension 
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he association of transposi- 

tion of the great arteries 

(TGA) with persistent pul- 
monary hypertension of the newborn 
is uncommon but usually lethal.!? 
The optimal strategy for managing 
such a neonate is uncertain. This re- 
port describes our experience in 2 
newborns with TGA and intact ven- 
tricular septum who manifested pul- 
monary hypertension and underwent 


an arterial switch operation as part 
of their management. 

Patient 1: This patient was a 
full-term male infant born after a 
normal pregnancy and delivery, 
weighing 3,600 g. At 1 hour of age, 
grunting and cyanosis were noted 
and an arterial bloed gas (on 100% 
oxygen [O>]) showed pH 7.30, par- 
tial pressure of arterial carbon di- 
oxide (PaCo2) 45 mm Hg, and ar- 
terial O, pressure (PaO 2) 25 mm 
Hg. Prostaglandin E; infusion was 
begun. Cardiovascular examina- 
tion revealed intense cyanosis with 
a single S and no murmur. Chest 
roentogenogram was normal. An 
echocardiogram showed TGA with 
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intact ventricular septum and a 
normal aortic arch. On day 2 of 
life, a balloon atrial septotomy 
was performed with improvement 
in O saturation from 60 to 80%. 
Cardiac catheterization showed 
equal right and left ventricular 
pressures and angiography dem- 
onstrated right-to-left (pulmonary 
artery-to-aorta) shunting during 
systole through the patent ductus 
arteriosus. Over the next 2 days, 
the saturation intermittently de- 
creased to <40%, and improved 
only with hyperventilation. 

Upon transfer to this institution 
on day 3 of life, an echocardiogram 
showed an adequate interatrial 
communication and confirmed 
pulmonary artery-to-aorta shunt- 
ing at the patent ductus arteriosus 
in systole. A continuous infusion of 
fentanyl was begun. Episodes of 
desaturation with reverse differen- 
tial cyanosis (preductal saturation 
decreasing to 20 to 30% with si- 
multaneous postductal saturations 
of 50 to 60%) were observed and 
responded to hyperventilation and 
sodium bicarbonate. A continuous 
infusion of epinephrine (0.1 ug/kg/ 
min) was begun that maintained 
preductal O>saturation >70%. On 
day 6 of life, an arterial switch 
procedure was performed. A trans- 
thoracic pulmonary artery moni- 
toring catheter was placed intra- 
operatively. The early postopera- 
tive course was complicated by epi- 
sodic pulmonary hypertension that 
responded to hyperventilation and 
sodium bicarbonate. These epi- 
sodes gradually resolved over the 
next 2 days and the patient was 
successfully extubated on the fifth 
postoperative day. The patient was 
discharged I7 days after surgery. 
Two months after surgery, a fol- 
low-up echocardiogram showed 
that the ventricular septal geome- 
try was consistent with less than 
half-systentc right ventricular 
pressure. 

Patient 2: This patient was a 
full-term female infant born after 


an uncomplicated pregnancy and 
delivery, weighing 3,590 g. At l 
hour of age, cyanosis was noted 
and an arterial blood gas showed 
pH 7.33, PaCO2 37 mm Hg, PaO} 
21 mm Hg in 100% O>. A prosta- 
glandin E; infusion was begun. 
Physical examination revealed a 
single S with no murmur. Chest 
roentogenogram was normal. An 
echocardiogram revealed TGA 
with intact ventricular septum and 
a normal aortic arch. At cardiac 
catheterization on the first day of 
life, the right and left ventricular 
pressures were equal and a balloon 
atrial septotomy was performed 
with improvement in O; saturation 
from 50 to 85%. Over the next 3 
days, the patient’s clinical course 
deteriorated. The arterial blood 
gases demonstrated pulmonary ar- 
tery-to-aorta shunting at the pat- 
ent ductus arteriosus: a right radi- 
al arterial blood gas showed pH 
7.27, PaCOz 44 mm Hg, and 
PaCQO> 22 mm Hg (O; saturation 
30%), while a simultaneous umbil- 
ical arterial blood gas was pH 
7.33, PaCO; 32 mm Hg, and PaO> 
38 mm Hg (O; saturation 68%). 
The patient was transported to 
this institution on the fourth day of 
life. A continuous infusion of fen- 
tanyl was begun. Simultaneous ox- 
imetry readings of the leg and arm 
pulses were 55 and 70%, respec- 
tively. Echocardiography revealed 
TGA with an adequate atrial sep- 
tal defect; in addition, pulmonary 
artery-to-aorta shunting was not- 
ed at the patent ductus arteriosus 
during systole. The patient contin- 
ued to have paroxysms of pro- 
found hypoxemia that responded 
to intravenous boluses of sodium 
bicarbonate and epinephrine. An 
arterial switch procedure was per- 
formed on the fifth day of life. Pul- 
monary artery pressure was equal 
to systemic pressure after cardio- 
pulmonary bypass. Several hours 
postoperatively, suprasystemic 
pulmonary artery pressures and 
systemic hypotension were ob- 
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served. The sternum was reopened 
but no evidence of tamponade was 
found. The pulmonary artery pres- 
sure remained labile and elevated 
for the next 2 days, but responded 
to hyperventilation and _ intrave- 
nous boluses of sodium bicarbon- 
ate. The episodes gradually de- 
creased in frequency and severity, 
and the patient was successfully 
extubated on the tenth postopera- 
tive day. The patient was dis- 
charged 17 days after surgery. 
Three months after surgery, an 
echocardiogram showed the right 
ventricle to be of normal thickness 
with septal geometry indicating 
less than half-systemic right ven- 
tricular pressure. 

When faced with a newborn with 
both TGA and pulmonary hyperten- 
sion, two fundamentally different 
strategies may be pursued. One 
strategy entails treating the patient 
for elevated pulmonary vascular re- 
sistance using conventional medical 
therapy or extracorporeal membrane 
oxygenation, or both, until the pul- 
monary vascular resistance has re- 
duced to a level considered safe for 
surgical intervention. The rationale 
for this approach would be that post- 
operative pulmonary hypertension in 
a patient after cardiopulmonary by- 
pass might cause acute right ventric- 
ular failure so that the potential im- 
provement in O, delivery derived 
from a normal PaO, may be offset 
by inadequate cardiac output. An al- 
ternative strategy is to aim to achieve 
a brief period of stabilization, fol- 
lowed by prompt surgical repair with 
the expectation that the postopera- 
tive course will be complicated by 
pulmonary hypertension. With this 
latter approach, the consequences of 
arterial hypoxemia arising from in- 
adequate mixing inherent in TGA is 
abolished once an arterial switch op- 
eration establishes a normal circula- 
tory pattern. 


Preoperative management of the © 
neonate with TGA combined with ~ 


pulmonary hypertension is challeng- 
ing. Whereas an initial balloon atrial 
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septotomy established an adequate- 
sized intercirculatory communica- 
tion, and efforts to increase O> deliv- 
ery (by use of inotropic agents to 
augment cardiac output) and to de- 
crease O, consumption (by narcotic 
anesthesia and neuromuscular 
blockade) were made, intermittent 
episodes of severe hypoxemia and 
cardiac decompensation persisted in 
both of our neonates. Additional 
management strategies included de- 
creasing pulmonary vascular resis- 
tance by alkalinization, achieved ei- 
ther by hyperventilation or bicarbon- 
ate infusion.’ Prostaglandin infusion 
can also be used to lower pulmonary 
vascular resistance, and has been 
shown to increase oxygenation in pa- 
tients with TGA and adequate atrial 
communication who remained criti- 
cally cyanotic after an atrial sep- 
totomy.* 


Postoperatively, both patients ex- 
hibited labile pulmonary hyperten- 
sion. In our current experience of 
over 200 patients with TGA and in- 
tact ventricular septum who have 
undergone an arterial switch proce- 
dure between 1983 and 1990, only 
these 2 patients manifested suprasys- 
temic pulmonary artery pressure 
with hemodynamic compromise in 
the immediate postoperative period. 
Although these episodes of pulmo- 
nary hypertension were often severe, 
they were successfully managed with 
anesthesia, hyperventilation and ino- 
tropic support. Last, placement of a 
transthoracic pulmonary artery 
catheter? at surgery allows prompt 
recognition and treatment of pulmo- 
nary hypertensive crises. 
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Rupture of Congenital Sinus of Valsalva 
Aneurysm in a Newborn 


Lowell W. Perry, MD, Gerard R. Martin, MD, Frank M. Galioto, Jr., MD, 


and Frank M. Midgley, MD 


upture of a sinus of Valsalva 

aneurysm is unusual, gener- 

ally occurring in the second 
to fourth decades of life!~> with the 
youngest previously reported patient 
aged 10 months.° The present report 
describes the lesion in a newborn in- 
fant. 

The patient, a 4.7 kg, 8-day-old 
girl, was referred because of a 
short, grade 2/6 systolic precordial 
murmur, a grade 4 pandiastolic 
murmur with a thrill over the low- 
er left sternal border, and heart 
failure. Echocardiography demon- 
strated enlargement of the aortic 
root and aneurysm of the right si- 
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nus Of Valsalva with rupture into 
the right ventricular outflow tract 
(Figure 1). The coronary arteries 
were normal. Electrocardiogram 
revealed right ventricular hyper- 
trophy with a normal ORS axis. 
Cardiomegaly and increased pul- 
monary flow were present on chest 
roentgenogram. Cardiac catheter- 
ization at 8 days of age demon- 
strated a left-to-right shunt at 
atrial and pulmonary artery levels 
with a Op/Qs of 2.9, systemic pres- 
sure in the pulmonary artery and 
right ventricle, and pulmonary 
vascular resistance of 6.4 Wood 
units. Cineangiography demon- 
strated herniation of the right cor- 
onary sinus into the right ventricu- 
lar outflow tract. The ductus ar- 
teriosus was closed. Anomalous 
origin of the right subclavian ar- 
tery from descending aorta and 


atrial left-to-right shunt also were 
present on cineangiography. There 
was no aortic valve insufficiency. 

During open heart surgery at 14 
days of age, cardiomegaly and a 
discrete aneurysmal dilatation of 
the infundibulum chamber were 
noted. Inspection of the subpul- 
monary chamber by way of a main 
pulmonary artery incision demon- 
strated an aneurysm of the right 
sinus of Valsalva with communi- 
cation to the infundibulum well in- 
ferior to the pulmonary valve. The 
apex of the aneurysm had multiple 
holes and aortic valve tissue was 
not involved. The aneurysm was 
repaired with a Dacron® velour 
patch. The duetus arteriosus had 
reopened and was ligated. The 
atrial septal defect was closed with 
a Dacron velour patch. Right heart 
pressure decreased to one third of 
systemic pressure on direct mea- 
surement after cardiopulmonary 
bypass. The patient was dis- 
charged on the seventh postopera- 
tive day. 

Congenital aneurysm of the sinus 
of Valsalva has not been reported 
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FIGURE 1. Left, short-axis view demonstrating aneurysm (arrow) from right coronary sinus to right ventricular outflow tract. 
Right, color flow Doppler echocardiogram showing flow from aorta to right ventricular outflow tract (arrow). A = anterior; 

AO = aorta; L = ieft; LA = left atrium; P = posterior; PA = pulmonary artery; R = right; RA = right atrium; RCA = right coronary 
artery. 


previously as oroducing signs and 
symptoms in the newborn period. 
Congenital anzurysms involve the 
right sinus in three fourths and the 
noncoronary situs in one fourth of 
cases. Aneurysms of the left coro- 
nary sinus are unusual. Aneurysms 
of the noncoronary sinus rupture into 
the right atrium. Aneurysms of the 
right coronary sinus rupture into the 
right atrium, right ventricular inflow 
or outflow tract beneath the pulmo- 
nary valve, the latter being associ- 
ated with a ventricular septal defect 
in approximate:y half of reported 
cases. ! 

The presence of a diastolic thrill 
in a newborn infant raises the clinical 
differential diagnosis of tetralogy of 
Fallot with absent pulmonary valve, 
congenital mitre] stenosis and aor- 
tico—left ventricular tunnel, which 
are easily excluded by echocardio- 


graphic evaluation. Supracristal ven- 
tricular septal defect with herniation 
of the aortic valve was excluded by 
catheterization. Coronary artery fis- 
tulas were excluded by echocardiog- 
raphy and cineangiography. With 
rupture of a sinus of Valsalva aneu- 
rysm into the right atrium, flail tri- 
cuspid valve, right atrial myxoma, 
tricuspid valve vegetations and pe- 
dunculated right atrial thrombus 
also must be excluded.* There was 
nothing in our patient to suggest bac- 
terial endocarditis.* 

Ruptured congenital aneurysms 
of the sinus of Valsalva may present 
with murmurs and heart failure in 
the newborn period. The diagnosis 
can be suspected by echocardio- 
graphic evaluation and confirmed by 
catheterization, which is required to 
exclude associated anomalies.* Early 
surgical repair results in rapid return 
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of cardiac function to normal.’ De- 
layed surgical repair is associated 
with significant morbidity and mor- 
tality.® 
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Left Main Coronary Artery Arising from the 
Pulmonary Trunk in a 56-Year-Old Patient 
Presenting with Acute Myocardial Infarction 


John R. Letcher, MD, Daniel McCormick, DO, Steve Tendler, MD, 
John Ross, Jr., Krishnaswamy Chandrasekaran, MD, 


and Stanley Brockman, MD 


hen one coronary artery 
W arises from the pulmo- 
nary trunk and the other 


from the aorta survival into adult- 
hood is possible. In a review of con- 
genital heart disease studied at nec- 
ropsy by Fontana and Edwards,! 
only | patient had this anomaly ob- 
served. In this review they found 
published reports of 58 patients with 
the origin of the left main coronary 
artery from the pulmonary trunk: 46 
of 58 patients (79%) were dead by 
age of 13 months. The remaining pa- 
tients lived >15 years. The major 
cause of death during the first year of 
life was congestive heart failure. Of 
the patients living to adulthood 67% 
died suddenly. We present a patient 
with the origin of the left main coro- 
nary artery from the pulmonary 
trunk who presented with acute 
myocardial infarction. 

LP, a 56-year-old woman had 
been well until angina pectoris ap- 
peared 2 months before hospital 
admission. After a period of pro- 
longed discomfort she was hospi- 
talized and found to have a non-Q- 
wave myocardial infarction with 
elevated cardiac enzymes and elec- 
trocardiographic changes. Myo- 
cardial infarction was uncompli- 
cated. She had normal first and 
second heart sounds and a soft S4 
gallop. There was a physiologic 
splitting of the second heart sound. 
There were no murmurs. Other- 
wise physical examination dis- 
closed no abnormalities. Right- 
and left-sided cardiac catheteriza- 
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tion, left ventriculography and se- 
lective coronary arteriography re- 
vealed a normal-sized left ventricle 
with normal systolic function and 
no mitral regurgitation. Selective 
coronary arteriography revealed a 
single coronary artery arising from 
the aorta in the right sinus of Val- 
salva. The right coronary artery 
had a diameter of >9 mm. The 
right coronary artery supplied the 
left anterior descending coronary 
artery by way of collateral vessels 
from the right ventricular branch 
and the posterior descending ar- 
tery. The left circumflex artery 
filled through collateral vessels 
from an atrial circumflex branch 
of the right coronary artery and 
also through the left anterior de- 
scending artery. The left circum- 
flex marginal distribution was the 
last of the coronary circulation to 
fill. The left coronary artery then 
emptied into the pulmonary trunk. 
The entire coronary circulation 
was free of obstructive disease. Se- 
rial venous oxygen saturations re- 
vealed a step up at the level of the 
pulmonary trunk, with a right to 
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FIGURE 1. Coronary angiogram in the 


is opacification of the entire left coro- 
nary artery and the proximal pulmo- 
nary artery. 


left shunt and pulmonic to system- 
ic flow ratio of 1.6 to 1 (Figure 1). 
Pharmacologic stress thallium im- 
aging demonstrated a perfusion 
defect localized in the anterolater- 
al wall. This defect filled com- 
pletely in the delayed images. She 
demonstrated no clinical symp- 
toms or electrocardiographic 
changes during the stress test (Fig- 
ure 2.) Transesophogeal echocar- 
diogram demonstrated left ven- 
tricular hypertrophy, and a large 
tortous right coronary artery aris- 
ing from the aorta in the right si- 
nus of Valsalva with continuous 
flow in both diastole and systole. 
The left main coronary artery also 
demonstrated continuous flow but 
in a retrograde manner and empty- 
ing into the pulmonary trunk. 
There was no change in coronary 
blood flow with dobutamine phar- 
macologic stress testing (Figure 3.) 
Because of reversable ischemia to 
the anterolateral wall the patient 
was referred to cardiac surgery. 
Ligation of the left main coronary 
artery with aortocoronary bypass 
grafting to the left anterior de- 
scending artery and left circumflex 
marginal branch was performed. 
The right coronary artery was ex- 
tremely large and had visible col- 
laterals to the left anterior de- 
scending artery. 

This anomaly has been recog- 
nized in large series of coronary an- 
giograms recorded for suspected 
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FIGURE 2. Pharmacologic stress thalli- 
um images in 3 projections. Stress im- 
age demonstrating hypoperfusion of 
the anterolateral area (top). Delayed 


tom). LAO = left anterior oblique; 
LLAT = left lateral anterior. 
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FIGURE 3. Tramsesphogeal echocardiogram of the ascending aorta (AO) demon- 
strating the orien of the right coronary artery (RCA) and absence of the left coro- 
nary artery. Nete the size of the right coronary artery. LA = left atrium; LV = left 
ventricle; RV = right ventricle. 


ischemic heat disease. Of 1,750 
adults studie? by Thomas et al? 2 
patients had this anomaly. Addition- 
ally, of the © 152 patients reported 
by Donaldson et al? 6 had the origin 


of left main coronary artery from the 
pulmonary trunk. Patients surviving 
to adulthood with this anomaly have 
presented for medical attention with 
a variety of clinical symptoms. By far 
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the most common presentation in 
this aged population was sudden un- 
expected death. George and Know- 
lan* reviewed 14 adults with this 
anomaly, 10 of whom died suddenly. 
Sudden death was the initial clinical 
presentation of 8 patients. Other 
symptoms reported to be associated 
with this anomaly are angina and 
exertional dyspnea, assumed to be 
related to associated mitral regurgi- 
tation. Myocardial infarction as the 
presenting clinical symptom has not 
been reported previously.® 
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Advances in implcztable device technology over the last 
25 years have been phencmenal. To a large degree, Pacesetter 
has played a major role 

The company’s commitment to cardiac therapy 1s 
reflected in its logo: a mzrk which was carefully rendered from 
the Greek alpha letter psi to represent the four chambers of the 
human heart and the Pacesetter Systems, Inc. initials. 

It’s become a symëel of excellence in cardiac rhythm 


management. 
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LEADERSHIP IN 
TECHNOLOGY 


Many of Pacesetters device designs and system com- 
ponents reflect the company’s origins and its founder's 
affiliation with the National Aeronautics and Space 
Administration. In fact, Pacesetter was the first to apply 
aerospace technology to the medical sector. 

As reported in the NASA publication Spinoff 1990, 
Pacesetter introduced “the first long-life cardiac pacemaker 
in 1973, employing technology developed for spacecraft 
electrical power systems. In 1979, Pacesetter was the first to 
utilize bidirectional telemetry ...“! the same telemetry cre- 
ated for communication between earth stations and 
orbiting satellites. 

More recently, the most sophisticated therapy avail- 
able—dual-chamber, rate-modulated pacing —was orig- 
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inated by Pacesetter. Today, the company is the recognized 
world leader in dual-chamber technology. 

Acclaimed for their user simplicity combined with 
unparalleled diagnostic and programming flexibility, 
Pacesetters DDDR and DDD pacing systems compose 
more than 50 percent of the company’s pulse generator 
product sales. 

Now, Pacesetter prepares to introduce another break- 
through in telemetry and programming technology. 
Expanded information 
stored on the tiny micro- 
chip of Synchrony® and 
Synchrony” II DDDR and 
Solus” SSIR pulse genera- 
tors will soon be available 
to the clinician through 
new analytical and statis- 
tical software* This 
information, unattainable with any other pacing system, 
will markedly enhance the physicians diagnostic and 
therapy options. 

Technological innovation in design and manufacture 
is a hallmark of Pacesetter and its parent organization, 
Siemens, one of the world’s largest electronics manufac- 
turers, Pacesetter is known for product and process designs 
that address the user's clinical needs, meet the exacting 
requirements of a sophisticated manufacturing operation 
and yield a consistently reliable product.?” 

Superior design is the direct result of Pacesetter’s 
determination to maintain the finest Research and Devel- 
opment function in the industry. Its highly skilled engi- 
neering staff holds a large number of significant patents— 
two Pacesetter officers together have 26 patents! 

This technological leadership clearly accounts for the 
company’s steady 20-22 percent annual growth rate over 
the last five years. 
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Pacesetters continued success also results from the 
strength of its human resources. Company founder Alfred 
E. Mann remains actively involved as President and Chief 
Executive Officer. 

Medical consultation related to cardiac rhythm man- 
agement is always available from Vice President and 
Medical Director, Paul A. Levine, M.D, a recognized 
expert in the field. 
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® ® 
Cy Pacesetter Systems, Inc. 
A Siemens Company 
12884 Bradley Avenue 
Sylmar, CA 91342 
1 800 777-2237 


For training support and information on any aspect of 
device therapy, the company has assembled an outstanding 
group of field clinical engineers, nurse specialists and tech- 
nical service representatives. Most of these individuals 
have successfully completed the NASPE examination for 
associated professionals.** 

The highly 
skilled group of 
sales consultants 
who represent 
Pacesetter are 
undoubtedly the 
most experienced 
and knowledge- 
able in the indus- 
try. Many have 
also completed 
the NASPE exam. Their dedication to customer service 
includes 24-hour-a-day availability, 365 days a year. 
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Each year, Pacesetter sponsors numerous educational 
and technical training programs for over 4,000 medical 
professionals. Taught by leading physicians from the U.S. 
and abroad, these seminars consistently receive high marks 
for their relevance to the clinical management of patients 
with cardiac rhythm disorders. 

Through its Educational Grant Committee, Pacesetter 
supports numerous educational programs and meetings 
around the world. And, at its new facility, due to open in 
early 1992, the company is constructing a 5,200-square-foot 
theater and education center designed specifically for 
interactive medical seminars. 

For all-around excellence—for education, service, 
therapy information and advanced technology, for the 
broadest range of products to meet every patient require- 
ment—turn to Pacesetter Systems, Inc. 





The commitment to excellence is more than symbolic. 


Haggarty J]. Health and medicine: advanced pacemaker. NASA Spinoff 1990 
. Weinberg, A. Hybrid substrates for heart pacemakers, Hybrid Circuit 
Technology June 1991; 26-30. 
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Carbone | et al. Buying parts for pacemakers: a life and death matter, 
Electronics Purchasing July 1990; 38-40 

* Pending FDA approval 
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Some Musings on the Egg 
and Me 


W. S. Gilbert once used the simi- 
le, “As innocent as a new-laid egg.” 
The truth is that a “new-laid egg” 
or any egg is not innocent. One can 
not dispute that the nutritive value 
of an adequately cooked hen’s egg 
is high and meets most needs for 
growth, lactation, maintenance and 
reproduction. As a matter of fact, it 
has been 1 of man’s chief sources of 
protein since the earliest times. It is 
true that the egg yolk is rich in both 
water- and fat-soluble vitamins. 
There is an abundant supply of vita- 
mins A, B;2, D and E, and ribofla- 
vin and thiamin, as well as minerals 
such as iron and phosphorus. Fur- 
thermore, the yolk furnishes the 
main food store for the developing 
chick. Life, itself, stems from the 
union of an egg and a male cell. 
Hence, the egg is an important ac- 
tor in the saga of man’s immortal- 
ity. Additionally, on a lesser scale 
eggs play a role in the preparation 
of vaccines, fertilizers and animal 
feeds, as well as in the manufacture 
of printer’s ink, paints, varnishes, 
soap and shampoos. 

After this glowing preface, then, 
one can not help thinking that the 
egg can’t be all that bad and that 
perhaps it has been maligned by 
special anti-egg interests. After all, 
in most developed countries, hens’ 
eggs are a major part of the diet, 
with average consumption ranging 
between 1 and 7 eggs per capita 
weekly and with the highest rates 
being those of the United States 


Letters (from the United States) con- 
cerning a particular article in the Journal 
must be received within 2 months of the 
article’s publication, and should be limit- 
ed (with rare exceptions) to 2 double- 
spaced typewritten pages. Two copies 
must be submitted. 


and Canada. With 1 hen laying ap- 
proximately 365 eggs annually, or 
almost 300 pounds in a lifetime, the 
egg industry produces more than 68 
billion eggs annually in the United 
States. 

Paradoxically, in the hen’s world, 
the main purpose of the egg is to 
reproduce, whereas in man’s world, 
the egg is used as 1 of the chief 
sources of nutrients. 

But, as true as there is no tooth 
fairy and no Santa Claus, the egg is 
not completely “innocent.” In resi- 
dence is the yolk, which to some can 
be quite attractive, particularly in a 
sunny-side up with a few slices of 
bacon on the plate, a hard-boiled 
egg or eggs Benedict. The yolk is 
ubiquitous, being found in pastry, 
bread, custards, meat loaf and sal- 
ads, as well as many other foods. 
But, unknown to many, the attrac- 
tive, tasty yolk is the Mr. Hyde of 
the egg, because it contains choles- 
terol, which is another Dr. Jekyll 
and Mr. Hyde combination. 

Since the early 1970s, the yolk of 
a large egg has been accused of con- 
taining 274 mg of cholesterol and 
was so listed in practically every 
mention of eggs. However, through 
the years, more accurate and so- 
phisticated techniques of analysis 
were devised, and in the summer of 
1989, using these newer methods, 
the U.S. Department of Agricul- 
ture downgraded the figure to 213 
mg. This was good news, especially 
for the various poultry foundations 
whose lobbyists were attempting to 
show how wonderful eggs were for 
continuing good health and longevi- 
ty; today, however, the American 
Heart Association recommends 
that no more than 300 mg of choles- 
terol be ingested daily. This was 
bad news, especially because Amer- 
ican men consume about 450 mg of 
cholesterol daily. 


Cholesterol is a complex, neces- 
sary nutrient of the human body 
and can be synthesized by virtually 
all animal cells. In the body, choles- 
terol attaches itself to a protein and 
travels through the arteries. If there 
is an excess of cholesterol in the 
blood stream, here and there in its 
journey, particularly in the coro- 
nary arteries, the cholesterol de- 
taches itself from its vehicle protein 
and attaches itself to the wall of an 
artery. Slowly, over a period of 
years, the cholesterol penetrates the 
lining of the artery, damaging the 
arterial wall, and adult or child is on 
his way to Death Valley. Child? 
Yes. Data from 1,600 autopsies 
have shown aortic fatty streaks in 
all children >3 years old. Gradual- 
ly, the buildup of platelets and mac- 
rophages, and the deposit of more 
cholesterol in addition to thicken- 
ing of the arterial wall tend toward 
blocking the artery or, at the very 
least, impairing the flow of blood 
through that artery. The stage is set 
for the end result of death. 

In this whole destructive process, 
the egg, particularly the yolk, is 1 of 
the star protagonists. It is true that 
there are other performers in the 
process, such as dairy products, 
marbled steaks and certain oils, but 
one can not avoid seeing the grim 
irony—the sinister travesty—of 
man being drawn to the very object 
of life that contributes to the per- 
petuation of the species, and that is 
also the harbinger of death. The 
“innocent” egg has the dubious dis- 
tinction of being the alpha and the 
omega of civilization. It almost 
seems as though the whole system 
has been methodically calculated 
by a Higher Power. 

So there you have it. Just musing. 

Arthur F. Schiff, mo 
Miami, Florida 
10 July 1991 
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What Medical Students Are Asking 


n April 1990 at the invitation of Dr. Howard R. Horn, I spoke at an initiation banquet 

of the incoming members of the Alpha Omega Alpha (AOA) Honor Medical 

Society at the University of Tennessee College of Medicine in Memphis. When asked 
what topic I would speak about, I asked Dr. Horn to ask the AOA inductees to provide me 
wath some questions to discuss. The following request was sent to each of the 25 AOA 
recipients: “During your 3+ years in medical school have there been some questions that 
have continued to recur in your mind and that you have had difficulty in answering? For 
ezample, when I was in medical school I had a terribly difficult time in deciding which 
subspecialty to choose. How does one decide? Can you provide 3 questions that keep 
recurring in your mind?” Fourteen of the 25 students responded and 42 questions were 
s_ bmitted. Similar questions were submitted by several students. An attempt was made to 
retain the wording of the questions as submitted. They are arranged under 7 general 
topics. 

Choosing the appropriate professional career path: Should that path be the academ- 
izor the purely practice one? What are the rewards and shortcomings of the various career 
paths? Should I be a specialist or a generalist? Does primary care really have a future? If a 
specialist, which specialty? What are the important factors to consider in selecting a 
specialty? How can I select a specialty that requires prolonged training or pursue an 
academic position when I have so many loans (for schooling) to repay? Should I compro- 
ruse my career goals for the sake of “my significant other”? Which professional path will 
allow me adequate time to pursue my nonmedical interests? Does the prestigious AOA 
henor obligate me to pursue a career that might fulfill the expectations of others (friends, 
family and advisors) rather than one that would make me most happy? 

Balancing family and professional life: Can I be both an excellent physician and an 
excellent parent? How much of one’s life should be devoted to medicine and does it make 
are a lesser physician to consider family more important than medicine? How does one 
best balance family life and professional life? How does one prevent professional “burn 
aut”? 

Public image of physicians: How do physicians improve the deteriorating image held 
cf them by the community? Are physicians responsible for their declining reputations? 
How do we mend the dwindling trust that patients once had in their physicians? 

Role of government in medicine: What will be the future role of government in 
medicine with regard to physician compensation? Is socialized medicine (if administered 
by medical personnel) such a bad idea? How should physicians address the problem of 
imcreasing numbers of indigent patients? 

Medical ethics: What are ethically acceptable reasons for a physician to refuse to treat 
a Datient? How can the conflicts between expensive new technology, cost-effective medi- 
cae and quality of life be resolved? As technology to prolong life becomes more abundant, 
hcw will the distribution of this technology to individual patients be decided? How do we 
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“ration” health care dollars? With ever increasing malpractice premiums, what future 
legal /medical changes will occur to ensure both plentiful and competent prenatal care? 

Medical education: Is present medical education successful enough in developing 
traits such as patience, compassion and understanding of human behavior or is too much 
emphasis put on attempting to expose students to the entire breadth of the ever-expanding 
medical science data base? How often do I or my classmates trade places in our mind’s eye 
even for an instant with those whom we are treating? Should we make an effort to do more 
of this or is this emotionally self-destructive and counterproductive to the job we must 
perform? Will drastic changes in the way medical students are trained occur in the future? 
How are students going to be able to afford medical education in the future considering 
increasing tuition, more difficulty in obtaining student loans, stricter loan repayment 
schedules, etc.? How can the traditional medical student education be made a more 
progressive and less harmfully rigorous experience? Will computers play an ever widening 
role in medical education? Should basic research be a requirement of students in medical 
school? 

Miscellaneous: How successful are marriages between 2 physicians? How does one 
maintain the “to-serve-humanity” idealism in the face of long hours, hard work and, at 
times, an atmosphere of cynicism? Are the long hours expended by house officers in 
internship and residency training programs detrimental or necessary to excellent training? 
Why do certain groups of physicians (i.e., surgeons vs internists) continually “backbite and 
bad-mouth” each other? What areas of medicine will make the most significant advances 
over the next 20 years? 

Many good questions. Few good answers. 


pola C KA A 


William Clifford Roberts, MD 
Editor in Chief 
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IN MEMORY 


Ronald Segel, chairman and chief executive of Cahners Publishing Company and deputy 
chief executive of the parent company, Reed International PLC, died on August 31 at the 
age of 56 after a year’s bout with cancer. 


Whea Ron joined Cahners as Vice President of Finance in 1971, we were a trade magazine 
company with annual revenues of $50 million. Today, after 20 years in which he rose to 
becone president and chief operating officer and ultimately chairman, Cahners is the core 
of a $1.3 billion communications company. 


Cahmers Magazine Company, with 84 publications, is the leading business-to-business pub- 
lisher in the U.S., and a growing force in consumer publishing. Our sister exhibit company 
has become the world’s leading organizer of trade shows and exhibitions. 


This % a performance in which any business leader could take justifiable pride. Ron Segel’s 
fingerprints can be found on every element of it. And Ron Segel’s vision and rare judgment 
will ensure that we continue to grow as a company by enhancing our value to our readers 
and advertisers. 


Ron was a native Bostonian who was a proud graduate of Harvard and the Harvard Busi- 
ness School. He was a quiet and private man who spoke most eloquently of his vision for 
Cahrers, and of his dedication to our people and to those -- like you -- whom we serve. 


All œ us at Cahners will miss him. And we will honor his memory by our commitment to a 
climate of excellence in publishing, the founding goal of Norman Cahners, cherished and 
nurtured by Ron Segel for twenty years. 
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EF SUMMARY (FOR FULL PRESCRIBING 
TION, SEE PACKAGE INSERT) 


J «TIONS AND USAGE 
_pertension 
»pressor tablets are indicated for the treatment of hyperten- 
on. They may be used alone or in combination with other 
ihypertensive agents. 
ina Pectoris 
ressor is indicated in the long-term treatment of angina 
toris. 
yocardial Infarction E 
pressor ampuls and tablets are indicated in the treatment of 
pamically stable patients with definite or suspected 
“ste myocardial infarction to reduce cardiovascular mortality. 
tment with intravenous Lopressor can be initiated as soon 
the patient's clinical condition allows (see DOSAGE AND 
MINISTRATION, CONTRAINDICATIONS, and WARNINGS). 
rnatively, treatment can begin within 3 to 10 days of the 
te event (see DOSAGE AND ADMINISTRATION). 


ITRAINDICATIONS 

ertension and Angina 

ressor is contraindicated in sinus bradycardia, heart block 
ater than first ed cardiogenic shock, and overt cardiac 
ure (see WARNINGS). 
ocardial Infarction l i 
ressor is contraindicated in patients with a heart rate < 45 
s/min; second- and third-degree heart block; significant 
degree heart block (P-R interval = 0.24 sec); systolic 
ressure < 100 mmHg; or moderate-to-severe cardiac 
e(see WARNINGS). 









‘tension and Angina | l 

iac Failure: Sympathetic stimulation is a vital component 
porting circulatory function in congestive heart failure, and 
ta blockade carries the potential hazard of further depressing 
/ocardial contractility and precipitating more severe failure. 
hypertensive and angina patients who have congestive heart 
lure controlled by digitalis and diuretics, > gad should 
administered cautiously. Both digitalis and Lopressor slow 
conduction. . 

In Patients Without a History of Cardiac Failure: Continued 
pression of the myocardium with beta-blocking agents over 
eriod of time can, in some Cases, lead to cardiac failure. At 
? first Mion or symptom of impending cardiac failure, patients 
ould be fully digitalized and/or given a diuretic. The response 
ould be observed closely. If cardiac failure continues, de- 

ite adequate digitalization and diuretic therapy, Lopressor 
ould be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
E occurred. When discontinuing chronically 












inistered Lopressor, particularly in patients with isch- 

ic heart disease, the dosage should be gradually 
i +duced over a period of 1-2 weeks and the patient should 
© Carefully monitored. If angina markedly worsens or 
-ute onary insufficiency develops, Lopressor admin- 
-iration should be reinstated promptly, at least tem- 
-orarily, and other measures appropriate for the manage- 
{ent of unstable angina should be taken. Patients should 
3e warned against interruption or discontinuation of 
‘herapy without the physician's advice. Because coronary 
irtery disease is common and may be unrecognized, it 
Tay be prudent not to discontinue Lopressor therapy 
ruptly even in patients treated only for hypertension. 


chospastic Diseases: PATIENTS WITH BRONCHO- 
TIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BLOCKERS. Because of its relative beta, selectivity, 
ver, Lopressor may be used with caution in patients with 
chospastic disease who do not respond to, or cannot 
ate, other antihypertensive treatment. Since beta, 
is not absolute, a beta,-stimulating agent should 
ministered concomitantly, and the lowest possible dose 
pressor should be used. In these circumstances it would 
rudent prag! to administer Lopressor in smaller doses 
3e times daily, instead of larger doses two times daily, to 
id the higher plasma levels associated with the longer 
tah interval. (See DOSAGE AND ADMINISTRATION. ) 

| 













fajor Surgery: The necessity or desirability of withdrawing 
a-blocking therapy prior to major surgery is controversial: 
impaired ability of the heart to respond to reflex adrenergic 
nuli may augment the risks of general anesthesia and sur- 
il procedures. 
opressor, like other beta blockers, is a competitive inhibitor 
eta-receptor agonists, and its effects can be reversed by 
nistration of such agents, e.g., dobutamine or iso- 
»renol. However, such patients bag be subject to 
acted severe hypotension. Difficulty in restarting and 
ining the heart beat has also been reported with beta 
oars. 
` betes and Hypoglycemia: i ei should be used 
~aution in diabetic patients if a beta-blocking agent is 
‘ed. Beta blockers may mask tachycardia occurring with 
lycemia, but other manifestations such as dizziness and 
-ing may not be significantly affected. 

yrotoxicosis: Beta-adrenergic blockade may mask certain 
igns (e.g., tachycardia) of hyperthyroidism. Patients 
of developing thyrotoxicosis should be managed 
llyto avoid abrupt withdrawal of beta blockade, which 
?cipitate a thyroid storm. 
rdial infarction 
Failure: Sympathetic stimulation is a vital component 
_ drting circulatory function, and beta blockade carries the 
tial hazard of depressing myocardial contractility and pre- 
ting or exacerbating minimal cardiac failure. 
dring treatment with Lopressor, the hemodynamic status of 
datient should be carefully monitored. If heart failure oc- 
or persists despite appropriate treatment, Lopressor 
ild be discontinued. 












Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered 
intravenously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval >0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

lf heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

renee: If hypotension (systolic blood pressure < 90 
mmHg) occurs, Lopressor should be discontinued, and the 
hemodynamic status of the patient and the extent of myocardial 
damage carefully assessed. Invasive monitoring of central ven- 
Ous, pulmonary capillary wedge, and arterial pressures may be 
required. Appropriate therapy with fluids, positive inotropic 
agents, balloon counterpulsation, or other treatment modalities 
should be instituted. If hypotension is associated with sinus 
bradycardia or AV block, treatment should be directed at re- 
versing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor = be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, ae may be 
administered cautiously, —— on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Risk of Anaphylactic Reaction. While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a 
variety of allergens may be more reactive to repeated chal- 
lenge, either accidental, diagnostic, or therapeutic. Such 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 

Carcinogenesis, Mutagenesis, aparan of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In a 2-year study in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of roay mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. In a 21-month study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day, benign lung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mals. There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or biologically significant dif- 
ferences were observed between treated and control mice of 
either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use 

Safety and effectiveness in children have not been estab 
ADVERSE REACTIONS 

Hypertension and Angina l : 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness hi 
occurred in about 10 of 100 patients. Depression has be 
reported in about 5 of 100 patients. Mental confusion ar 
short-term memory loss have been reported. Headache 
mares, and insomnia have also been reported. ; 

Cardiovascular: Shortness of breath and bradycardi: 
occurred in approximately 3 of 100 patients. Cold extren 
arterial insufficiency, usually of the Raynaud type: palpi 
congestive heart failure; peripheral edema; and hypoter 
have been reported in about 1 of 100 patients. (See CON 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

app here! f Wheezing (bronchospasm) and dyspne; 
been reported in about 1 of 100 patients (see WARNING 

Gastrointestinal: Diarrhea has occurred in about 5 of 
pehonts. Nausea, = mouth, gastric pain, constipation 

latulence, and heartburn have been reported in about 1 
patients. 

Hypersensitive Reactions: Pruritus or rash have occ 
about 5 of 100 patients. Worsening of psoriasis has alsc 
reported. 

Miscellaneous: Peyronie's disease has been reporter 
fewer than 1 of 100,000 patients. Musculoskeletal pain, 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the d 
be considered if any such reaction is not otherwise expli 

The oculomucocutaneous syndrome associated with t 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported 
about 1 of 100 patients. Vertigo, sleep disturbances, hal 
tions, headache, dizziness, visual disturbances, confus 
and reduced libido have also been reported, but a drug! 
"an is not clear. 

Cardiovascular: In the randomized comparison of Lo 
and placebo described in the CLINICAL PHARMACOLOG 
tion, the following adverse reactions were reported: 


Lopressor l 
Hypotension 27.4% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 
third-degree 
heart block 
First-degree 5.3% 
heart block 
(P-R = 0.26 sec) 
Heart failure 27.5% 


ee’. Dyspnea of pulmonary origin has been r 
ported in fewer than1of100 patients. . 

Gastrointestinal: Nausea and abdominal pain have be 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have bee 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication ha 
been reported, but a drug relationship is not clear. 
Potential Adverse Reactions 
A variety of adverse reactions not listed above have been 
pa with other beta-adrenergic blocking agents and sl 

e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depressic 
progressing to catatonia; an acute reversible syndrome c 
terized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensori 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONT 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with achin 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
neo Caan of overdosage have been reported, some li 

o death. 

Oral LDso's (mg/kg): mice, 1158-2460: rats, 3090-46) 
Signs and Symptoms 
Potential signs and symptoms associated with overdosag 
Lopressor are bradycardia, hypotension, bronchospasm, 
Cardiac failure. 

Treatment 
There is no specific antidote. 

_ In general, patients with acute or recent myocardial inf, 
tion may be more hemodynamically unstable than other p; 
tients and should be treated accordingly (see WARNINGS. 
Myocardial Infarction). 

On the basis of the pharmacologic actions of Lopressor 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there 
response to vagal blockade, isoproterenol should be admi 
tered cautiously. 

Hypotension: A vasopressor should be administered, e€ 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a the 
ys derivative should be administered. ` 

ardiac Failure: A digitalis glycoside and diuretic shou 
administered. In shock resulting from inadequate cardiac 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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